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FOREWORD 


by John Landy, AC, MBE, 

Governor of Victoria 

This symposium, the second of its kind since the Society first held a forum on the Murray-Darling 
River System in 1977, provided an important opportunity to explore the rich ecology and the 
history of the Barmah-Millewa Forest. 

It came at a time, when never has there been so much public discussion about water and in 
particular, the decline in the health of the Murray-Darling System and its associated red gum flora. 

Now more than 150 years since its foundation, the Royal Society continues to facilitate the 
transfer of valuable scientific and technological information and the encouragement of debate on 
matters of public concern. 

The Barmah-Millewa Forest provides a range of issues - the ancient and continuous association 
of the Yorta Yorta people with the area, the history of European settlement, the changing ecology, 
and the effect of altered water regimes. 

The topics covered in the Proceedings are wide-ranging including geomorphology, water 
management, grazing, and wetland reserves in the State’s northern plains and Riverine forests. They 
will provide the public and decision-makers alike with a greater understanding of this complex area 
and hopefully lead to the establishment of priorities for the management of water flows and land 
use in the forest; with the sometimes competitive interests of indigenous people, grazing, timber 
extraction and tourism. 

Doctor Wayne Atkinson, a Yorta Yorta Elder, emphasises the spiritual basis of the Yorta Yorta 
people's ancient and continuing connection with the Barmah-Millewa Forest. To quote him, 
“Indigenous ownership is based on communal relationships with the land in which rights are 
collectively shared between clans and family groups". 

The Yorta Yorta continue to strive for what they see as their rights to the land and I note that in 
June 2004 the Victorian Government signed a cooperative land management agreement with the 
members of the Yorta Yorta nation recognising the Yorta Yorta peoples connection to their 
traditional land, and the value of the Yorta Yorta people’s involvement in planning, management and 
protection of the environment. 

There have been significant changes in the ecology of the Barmah-Millewa Forest since 
European settlement. In 1838, Explorer Charles Sturt was struck by the presence of expansive reed 
beds and noted that “the more distant flats looked like wheat fields ready for the sickle.” 

Later, one of the early squatters, Edward Curr, who used the area extensively for grazing sheep, 
also recorded the reed beds and he noted that other areas were occupied by open grassy forest land, 
most valuable to his sheep. Both the area of reed beds and grassland are now considerably 
diminished. 

Some of these changes have been due to grazing of cattle and sheep which has continued for 
more than 150 years. But more recently, altered regimes to control irrigation water from the large 
storages at Hume Reservoir and Dartmouth have had a very significant effect. 

Winter and spring flooding is now much less extensive in the area and its occurrence rarer, 
whilst summer flooding as a result of the release of irrigation water has become much more 
frequent. 

Each of these changes has significantly altered the balance of the vegetation communities 
within the Barmah-Millewa Forest and at the same time have provided less opportunity for breeding 
of water birds. 

I have no doubt that the presentations and discussions that have taken place relating to current 
water use programs and the management of the forest and the interests and aspirations of the Yorta 
Yorta people, can only lead to a further understanding of the Barmah-Millewa Forest and the 
preservation of this unique environment. 
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INTRODUCTION 

BARMAH-MILLEWA FOREST: INDIGENOUS HERITAGE, 
ECOLOGICAL CHALLENGE 

Geoff Lacey 1 & Anthony R. Ladson 2 

'School of Anthropology, Geography and Environmental Studies, University of Melbourne, 

Vic 3010, Australia 

institute for Sustainable Water Resources, Department of Civil Engineering, Monash University, 

Vic 3800, Australia 

LACEY, G.C. & LADSON, A.R., 2005. Barmah-Millewa Forest: Indigenous heritage, ecological 
challenge. Proceedings of the Royal Society of Victoria 117( 1 ):XI-XV. ISSN 0035-9211. 


THE BARMAH-MILLEWA FOREST is located on 
an extensive area of low floodplain of the Murray 
River, upstream of Echuca. It covers 700 square 
kilometres anti the forest is dominated by River Red 
Gum. Barmah and Millewa are the Victorian and 
NSW portions respectively. 

The complex evolution of the river in this region 
and the formation of the floodplain is explained in 
Ian Rulherfurd and Christine Kenyon’s paper. It in¬ 
volved the occurrence of the Cadell Fault, leading to 
major changes in the course of the Murray, and the 
development of the floodplain, with its fan of 
streams, that now supports the forest. 

The earliest written account of the site was pro¬ 
vided by the explorer Charles Sturt. In 1838 his 
party travelled down the Murray from Albury, sup¬ 
ported by Aboriginal guides. In June they came to 
the junction of the Murray with the Edward River 
anabranch in the forest, camped there and were met 
by a group of men, presumably of a clan of the Yorta 
Yorta. I Ic described them as ‘a considerable body of 
athletic and well proportioned men. They came evi¬ 
dently with the most peaceable intentions and sev¬ 
eral of them assisted us in our work.’ 

Vast reed-beds then bordered the Murray on 
both sides but opened out some distance from the 
river on the Barmah side, where Sturt wrote 
(Hibbins 1978): 

The broad expanse in the foreground was cov¬ 
ered with our cattle. The more distant flats 
looked like wheat fields ready for the sickle, the 
reeds being of a light yellow colour. A line of 
forest was in the background and trees scattered 
here and there had a most pleasing effect in 
marking the course of the river. 


INDIGENOUS HERITAGE 

In the perspective of human history Sturt was a re¬ 
cent visitor; the land was already occupied for tens 
of thousands of years. The local Indigenous people 
arc known as the Yorta Yorta or Bangerang. For them 
the river systems were major sources of subsistence 
and focal points for habitation. Prime living zones 
included the river edge, with its River Red Gums, 
the wetlands and the grassy plains. The Moira and 
Barmah Lakes were gathering places for hundreds 
of people. Many artefacts expressed the traditional 
culture, for example, the bark canoe, cut from River 
Red Gum with stone axe heads. 

In his paper Wayne Atkinson explains the nature 
of Indigenous ownership, the relationships with the 
land, and the origin of rights to the land in traditional 
laws and customs. As with all cultures, there was 
adaptation and evolution. An interesting example 
was the impact of the Cadell Fault, which resulted in 
changes to traditional lands, inundating some and 
drying others where the river changed course. This 
meant that traditional land laws needed to be 
adapted to the changed circumstances. The Yorta 
Yorta have maintained their presence in their coun¬ 
try. The traditional laws and customs continued after 
European settlement and further adaptations were 
made to accommodate new cultural and economic 
realities. 

The Yorta Yorta declare that they have never re¬ 
linquished their rights to the land occupied by their 
ancestors, and they continue the long struggle for 
this land. A key priority now is the Barmah-Millewa 
campaign for a national park recognizing the Yorta 
Yorta as the traditional owners under a joint 
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management arrangement. A step forward occurred 
in 2004 when the Victorian Government opened the 
way for some joint management of land in the forest 
and along the Murray, involving the Yorta Yorta and 
government agencies. 

THE FOREST AT EUROPEAN SETTLEMENT 

European settlers came to the region in the 1840s. 
Edward Curr was one of the first squatters to settle 
there, and he described the Barmah Forest as follows 
(Curr 1883): 

On one side of us we saw extensive reed beds in¬ 
tersected by the Murray, which flowed here al¬ 
most without banks and on the level of the plain. 
The other half of the circle was occupied by 
open grassy forest land ... We remounted and 
rode over a plain of green couch grass of some 
length, and on through a narrow opening in the 
reeds into what proved to be a charming little sa¬ 
vannah of perhaps half a mile in extent. The 
grass in it was about a foot high and so thick that 
the tread of our horses was as noiseless as the 
camel ... 

The isolated meadow, into which we had 
found our way, proved of but trifling extent, so 
that in less than a mile we found ourselves con¬ 
fronted by a wall of old reeds ... Some fifty 
yards off, amongst the reeds, however, was a 
gnarled and spreading gum tree, from the 
branches of which a view of the neighbouring 
country might be obtained. 

The forest in these descriptions differs somewhat 
from the forest of today. The River Red Gums then 
were much larger and more widely spaced and the 
floodplain w'as dominated by the vast ‘reed beds’. 
These beds are no longer extensive. The ‘plain of 
green couch’ was probably a Moira Grass plain, free 
of trees. It is interesting to note the density of the 
grass in the ‘savannah’, presumably the open Red 
Gum woodland, at that time. 

The richness and diversity of living species in 
the forest is well illustrated by early accounts of 
birdlife on the wetlands. In November 1906 or¬ 
nithologist Arthur Mattinglcy, and a companion, 
spent ten days exploring a number of sites in the 
flooded Barmah and Millcwa Forests in a flat-bot¬ 
tomed boat (Mattingley 1908). Travelling south 
from Mathoura along Gulpha Creek they entered 
Redbank Swamp, which was partly covered with 
Marshwort, ‘a blaze of yellow' flowers which filled 


the air with a delightful fragrance’. They disturbed a 
colony of the Great Crested Grebe in a channel and 
heard the booming of the Australian Bittern on all 
sides. A large patch of reeds and rushes in a corner 
of the swamp was covered with the nests of the 
White Ibis. 

Travelling from the Murray to Reedy Lake in the 
Barmah Forest, they discovered a Little Pied Cor¬ 
morant rookery ‘in some stunted gum trees, every 
available portion of which was packed with nests of 
the Little Pied Cormorant and Little Black Cormorant 
and. there being more birds than the trees could hold, 
the overflow had been obliged to take to the higher 
trees round about.’They also explored the ‘heronries’ 
north of Mathoura along the Edward River: 

Several White Egrets and Nankeen Night 
Herons, disturbed by our presence, arose and 
flew away. Nearly every tree was tenanted with 
the large stick nests of the herons mentioned. At 
last we reached our destination, known as Reedy 
Nook, in the vicinity of St Helena, a wild, iso¬ 
lated, unfrequented locality ... 

In the top of a huge gum tree, fully 200 feet 
above the ground, were seen several nests of the 
Pacific Heron, quite safe from molestation from 
below. Further on we find the objects of our 
search—several White Egrets, sitting on their 
bulky stick nests, which, however, are somewhat 
less in size than those of the Nankeen Night 
Herons; but these were also out of our reach. 


CONTEXT OF Tl IE CONFERENCE AND 
PROCEEDINGS 

The Barmah-Millewa Forest has gone through many 
transformations since the time of Sturt and Curr. In 
recent decades there have been many studies of 
these historical changes and of many aspects of the 
ecology. In organizing the Conference, Barmah- 
Millewa Forest: Indigenous Heritage, Ecological 
Challenge (18-19 June 2005), and in publishing 
these Proceeding , the Royal Society of Victoria in¬ 
tended to bring together people engaged in this work 
and to bring into the public domain the fruits of the 
research carried out in many fields. 

The Society has engaged in many such scientific 
studies throughout its 150-ycar history. Moreover, it 
has had a long-term interest in the Murray region. 
For example, an important Symposium on the 
Murray-Darling River System was held in 1977 and 
published in the Proceedings (Symposium 1978). 
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The present Conference builds on this previous 
work. It sets out to take stock of the history of the 
forest, the ecological values, the problems, manage¬ 
ment issues and possible future directions. 

MILESTONES OF CHANGE 

Let us consider a few of the episodes that charac¬ 
terised the transformation of the forest since Euro¬ 
pean settlement. The large land holdings of the 
squatters were modified by Land Acts in the 1860s 
that brought many new settlers into the region. In 
1878 the Barmah Common was established to facil¬ 
itate grazing in the forest by settlers who had no sub¬ 
stantial holding. 

The logging of River Red Gum also began in the 
1860s, the first timber mill for railway sleepers 
being set up in 1864. The timber was transported to 
Echuea by barge. In 1899 a Royal Commission on 
State Forests and Timber Reserves was set up by the 
Victorian Government. It reported that in the pre¬ 
ceding sixteen years the forest had been cut over 
several times and that the current rate could not be 
sustained. However, a Forests Department was not 
set up until 1908. From 1918 logging was super¬ 
vised by the Forests Commission of Victoria and sil¬ 
vicultural practices were introduced (Fahey 1988). 

Progressive river regulation, beginning with the 
construction of the first Hume Dam in the 1920s, 
has profoundly altered the ecology of the floodplain 
and forest. From the early 1930s the foresters re¬ 
ported on the failure of the Red Gum to regenerate 
and the deterioration of mature trees. This was re¬ 
lated to the changed flooding regime, though also 
caused by the browsing of mammals and by insect 
attack (Dexter 1978). Leon Bren’s paper discusses 
the findings of later research into the effect of the al¬ 
tered hydrology on the ecology of the forest, includ¬ 
ing the changing extent of cover by the different 
vegetation communities. 

In the early 1980s the Land Conservation Coun¬ 
cil examined the Barmah Forest as part of their 
study of the Murray Valley Area. Their recommen¬ 
dations (LCC 1985) included a State Park, in two 
sections, at the eastern and western ends of the State 
Forest. This was implemented in 1987. However, a 
requirement to phase out grazing in the Park was 
never enforced. Logging was allowed to continue in 
the Park as well as in the State Forest. In 1982 
Barmah-Millcwa was declared a wetland of interna¬ 
tional importance under the Ramsar Convention. 


ECOLOGICAL STUDIES 

Although we speak of the Barmah-Millcwa Forest, 
in reality we have a complex of many ecosystems, 
not all of them forest and including some that are 
temporally or permanently under water. Some even 
argue that we should speak of ‘wetland’ rather than 
‘forest’. Furthermore, there have been profound 
changes over time, and Christine Kenyon’s paper ex¬ 
amines the vegetation changes over the past 4000 
years. 

Treeless Moira Grass plains cover patches of the 
forest that experience high flood frequency. They 
were formerly more extensive than they are today. 
As Leon Bren explains, the plains are being en¬ 
croached on by River Red Gum, and in many areas 
of the plain a thin layer of regrowth gums has been 
moving forward. 

Throughout most of the forest River Red Gum 
dominates but the understorey varies greatly. It con¬ 
sists largely of various sedge and grass species, the 
composition being related to the time and duration 
of flooding. A provisional classification of the eco¬ 
logical communities by E.A. Chesterfield (1986) in 
the 1980s is now being updated and mapped in de¬ 
tail by botanist Doug Frood, though this work is not 
yet complete. 

The higher ground that rarely floods is covered 
not with Red Gum but with woodland of Box 
Species. Grey Box is the more widespread species, 
while Yellow Box is restricted to sandy soils. The un¬ 
derstorey features shrubs, in particular Gold-dust 
Wattle, and a variety of grasses and other herbs. 

A field trip one December, following the spring 
rain, highlighted for us the beauty of the forest and 
the diversity of ecosystems. We visited a ridge with a 
fine example ofYellow Box woodland, rich in native 
grasses. And just north of the ridge were a number of 
large Red Gums in a fresh green area, with sedges, 
grasses, and shallow pools containing milfoil and the 
bright yellow flowers of Wavy Marshwort. 

The ecology of the forest has changed in many 
ways that arc not obvious to a casual observer but 
have been traced through careful study in the histor¬ 
ical context. Ralph Mac Nally and Amber Parkinson 
discuss the decline in fallen timber on the flood- 
plain. of vital importance to a number of animal 
species. 

Andrea Ballinger and Ralph Mac Nally look at 
the effect of flooding on the noil-aquatic fauna. For 
example, the floodwaters may provide the insectivo¬ 
rous fauna with additional prey, by increasing 
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populations of aquatic insects and other invertebrates. 
Consumption of these transfers energy and nutrients 
from the aquatic system into the terrestrial food webs, 
subsidising populations of non-aquatic animals. 

Amy Jansen and Alistar Robertson consider the 
implications of grazing for biodiversity in the River 
Red Gum forests. Increased grazing intensity in 
these habitats was associated with declines in ripar¬ 
ian condition and loss of biodiversity of birds, frogs 
and plants. 

Alison King discusses historical accounts and 
the current status of fish in the region. There were 
large native fish populations at the time of European 
settlement that were heavily exploited. For example, 
in 1895 John Chanter, then Member for Murray in 
Victoria, described the scene on Barmah Lake as: 
‘just one mass of nets that are termed gill nets, and it 
is absolutely impossible for the fish to get out of the 
lakes into the river no matter how small or large the 
fish may be' (King this issue). These native fish were 
often taken in full roc. More recently, changed water 
regimes and introduction of exotic species have con¬ 
tributed to further native fish decline. Today the for¬ 
est remains an important area for native fish despite 
their reduced abundance and diversity. 

WATER MANAGEMENT ISSUES 

There are two aspects to the changed water regime in 
the Barmah-Millewa Forest The first is the changes 
to the winter-spring floods. The forest is downstream 
of the largest storages in the Murray system. Regula¬ 
tion of the Murray River, in particular the Flume and 
Dartmouth Dams, has ‘flattened’ the natural seasonal 
flow pattern in the forest, resulting in lower average 
flows between June and November. Modelling by the 
Murray-Darling Basin Commission suggests that 
under natural conditions, long-duration floods (5 
months or more) occurred about 7 years in 10, 
whereas now they occur only about 3 years in 10, 
cover less of the forest, and often occur later in the 
year (DSE and GBCMA 2005). 

The second aspect involves summer flooding. 
Before regulation, the forest was seldom flooded in 
summer. Now, as a consequence of irrigation proce¬ 
dures, it floods frequently. In particular, small, lo¬ 
calised floods, which cover less than 10% of the 
forest, occur at least eight times more frequently 
now than before regulation. 

The spring floods maintain the floodplain 
ecosystems and create opportunities for waterbird 


breeding and fish spawning. There are now provi¬ 
sions for environmental flows that will mitigate the 
problem to some extent. Such a flow is most useful 
when added to a natural flood in the Murray River or 
in the Goulburn or Ovens Rivers, so that it can pro¬ 
vide a ‘top up’ to increase or prolong flooding. The 
first implementation occurred in 1998. Keith Ward’s 
paper discusses such flows and the conditions for 
them to be most successful. 

As an example of what can be achieved, a good 
natural flood at the end of the year 2000 was pro¬ 
longed by the release of an environmental alloca¬ 
tion. LandcareAustralia (March 2001) reported that 
‘as a result, large breeding colonies of ibis, cor¬ 
morants and herons were established, as well as 
some nests of egrets and Whiskered Terns’. Frogs 
were prolific and it was a good breeding season for 
fish. 

Unintended summer flooding also alters the for¬ 
est ecology and is a major factor in the changes in 
ecosystem boundaries discussed by Leon Bren. The 
paper by Tony Ladson and Joanne Chong examines 
the causes of this problem and the means of mitigat¬ 
ing or resolving it. 

THE FUTURE OF 
BARMAH-MILLEWA 

A number of government agencies are involved in 
future planning for the forest and its surroundings. 
They include the Murray-Darling Basin Commis¬ 
sion, Department of Sustainability and Environment 
(Victoria), New South Wales Department of Primary 
Industries. Parks Victoria, and the Catchment Man¬ 
agement Authorities. Bill O'Kane gives a view of 
some of the issues facing these bodies. Hugh 
Robertson and James Fitzsimons raise issues of wet¬ 
land reservation in the River Red Gum forests and 
Victoria's northern plains. 

The Victorian Environmental Assessment Coun¬ 
cil is at present carrying out a River Red Gum 
Forests Investigation. This carries forward the work 
done by the Land Conservation Council in the 
1980s; it will include consideration of all aspects of 
management of the Barmah-Millewa Forest and 
make recommendations as to its future status. 

It is important to consider the philosophic bases 
underlying management concepts. In what sense do 
we want to manage the forest? There are different 
ways of understanding the natural environment. 
Some regard it as a set of resources, essentially for 
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human benefit. Even more, nature is seen as needing 
to be developed, brought into the economy, if it is to 
have value and meaning. For others, this is an inad¬ 
equate view, for nature has its own intrinsic value, 
independent of our practical uses. In this view it is a 
matter of managing the forest not just for use but for 
its natural values, of experiencing the mystery of 
this landscape and of being at home in it. 

The future of the forest will depend not just on 
the work of government bodies but on the interplay 
of the many groups in the broad community that 
have an interest in the area and its ecosystems. John 
Laing’s paper gives us one perception of living in the 
region, while being active in Landcare. 

What most groups have in common is a concern 
for the livelihood of all the people in the region and 
a determination that the local economy be main¬ 
tained and enhanced. However, not all of the activi¬ 
ties proposed for the forest are compatible. A painful 
example came to light at the time of writing, when 
The Age (7 August 2005) reported that logging had 
devastated more than half of a Special Protection 
Zone for the nationally threatened Superb Parrot, 
because of a management blunder. The Barmah For¬ 
est contains the only breeding sites for this species 
in Victoria, and the erosion of their habitat brings 
them gradually closer to extinction. This incident 
shows the great difficulty in reconciling the two ob¬ 
jectives of timber extraction and species conserva¬ 
tion in this rich and sensitive environment. 

At present there appear to be two main broad vi¬ 
sions of the future of the Barmah-Millewa Forest, 
though there is some variation and overlap. The first 
vision is expressed by many engaged in the grazing, 
timber and irrigation industries, other farmers and 
participants in some forms of recreation. It is essen¬ 
tially a preference for continuing the present uses of 
the forest with little modification. Proponents argue 
that cattle grazing, wood collecting and Red Gum 
sleeper cutting have involved good management of 
the forest and involve greater benefit than would a 
National Park. 

The other vision is that of the Indigenous people 
and the conservation groups, together with a propor¬ 
tion of the farmers and other residents in the region. 
It is a vision that integrates a number of factors: im¬ 
provements to the water regime, sensitive manage¬ 
ment of all the ecosystems within a Barmah-Millewa 
National Park, recognition of the Yorta Yorta as the 
traditional owners, and their involvement in a joint 
management arrangement for the Park. This vision 
combines a care of the natural environment with a 


restoration of some measure of land justice. It cele¬ 
brates the continuity of Indigenous culture, while 
also recognising the imprint of nearly two centuries 
of immigrant history in the region. 
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The Yorta Yorta Nation Inc. trace their origins back to the time of creation which has become im¬ 
mortalised as the ‘eternal Dreaming’. It was during this period that traditional based rights to land, her¬ 
itage, water and cultural identity were sanctified and. like the river systems, continue to flow to the Yorta 
Yorta Nation as inherent rights. The extensive river networks served as major focal points for commu¬ 
nity life. Archaeological evidence indicates that there have always been natural and cultural changes tak¬ 
ing place, from which adaption and cultural continuity have been the outcomes. The arrival of 
Europeans, however, has amplified the extent of change, but the Yorta Yorta have adapted and continue 
to llourish as a vibrant living culture. The Yorta Yorta totally reject the notion that their connections have 
been washed away by the so-called 'tide of history’ and reassert their position as the traditional occu¬ 
pants and owners of the lands inherited from their ancestors. Reconciling the unfinished business of land 
justice and reaching a position of real effective and genuine reconciliation, together with the search for 
common ground in the creation of the Barntah-Millewa as a National Park, are the challenges that con¬ 
front all parties in the region. 
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THIS PAPER provides a contextual framework for 
viewing Yorta Yorta occupation and connections 
with the Barmah-Millewa Forests and its surrounds 
(the study area). In doing so 1 ant profoundly con¬ 
scious of the need to ground the knowledge of my 
people's connections with the ancestral lands in their 
world view of Indigenous land relations. Indigenous 
wisdom throughout the world shares a common be¬ 
lief system that all things arc related. What happens 
in one area sooner or later directly or indirectly im¬ 
pacts on other areas. History has tended to vindicate 
this view. In line with this philosophy. Yorta Yorta 
views about their natural and cultural heritage will 
engage a holistic approach. Occupying this position 
and, at all times, being careful not to compromise 
the track record of Yorta Yorta land-water manage¬ 
ment and care, will be the guiding framework for my 
analysis. It must be emphasized here that the pur¬ 
pose of this paper is not to paint an idealised image 
of Indigenous society, rather it presents a view that 
is based on a track record that took its own path, and 
remains unique and of its own kind. That is the path 
I will use to examine: 

the extent to which introduced activities have 
impacted on Yorta Yorta ancestral lands & wa¬ 
ters; the amount of change that Yorta Yorta soci¬ 
ety has adapted to, and the ongoing connections 
that the Yorta Yorta have persistently maintained. 


This will be an important framework for examining 
Yorta Yorta culture and lifestyle, for assessing the mis¬ 
conceptions of Indigenous identity that are often con¬ 
structed. and for analysing the impact of introduced 
land management practices on Yorta Yorta occupation, 
use and enjoyment of their ancestral lands and waters. 
The paper begins with a clarification of the term Yorta 
Yorta-Bangerang, and then discusses past and present 
connections including a critical analysis of the pre¬ 
vailing misconceptions about Indigenous people. 

YORTA YORTA-BANGERANG 

The people who identify as Yorta Yorta-Bangerang 
are the descendants of the original ancestors who 
occupied the Barmah-Millewa Forests (Fig. I). The 
events of the last one hundred and seventy years 
have shaped the contemporary nature and structure 
of groups within the region. Previous narrower sub¬ 
groupings have evolved to encompass broader inter¬ 
ests with greater emphasis being placed on 
collective identity and inter-relationships between 
family groups. Indeed, it is correct to say that Yorta 
Yorta-Bangerang are one and of the same peoples 
who trace their ancestral lineages (bloodlines) and 
cultural connections back to the ancestors who were 
on country at the imposition of British domination 
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Fig. I. Traditional Yorta Yorta territory. 


and control. This is reflected in the name of the or¬ 
ganisation set up to represent Yorta Yorta-Bangerang 
people in land, compensation and heritage matters 
the Yorta Yorta Nations Inc. (YYNI). 

The YYNI is the principal structure for dealing 
with land, water, compensation and cultural matters. 
Its structure comes from a process whereby the inher¬ 
ent rights of the Yorta Yorta-Bangerang nation arc rep¬ 
resented through democratically elected 
representatives who make up the Elders Council and 
the Governing Committee. These representatives arc 
drawn from the family groups who inherit their rights 
and interests from the ancestors who were in occupa¬ 
tion at invasion, and through them to the ancestors 
who have been in occupation since creation. A rather 
amazing and unique inherence of hereditary be¬ 
stowal, particularly when one considers the timeline 
of prior occupation, which has been put at 2,500- 
3,000 generations. This hereditary timeline gives rise 
to rights and interests in land, culture, identity and au¬ 


tonomy that are the rock solid foundations of Aus¬ 
tralia’s Indigenous history. Nothing, as it is often as¬ 
serted by the original owners, will ever change that 
reality (discussed at Yorta Yorta Nations, Survival 
Weekend, Barntah Forest, January 2003). 

Having discussed the collective nature of the re¬ 
lationship between the Yorta Yorta-Bangerang, and 
for the purpose of this discussion, where reference is 
made to their shared connections, I will use the term 
Yorta Yorta. 

The introductory framework will be used as a 
guideline for supporting the current struggle of the 
Yorta Yorta and their supporters, for the Barntah- 
Millcwa Forests to be declared a National Park, 
recognising the Yorta Yorta as the original owners 
under a Joint Management Arrangement (Atkinson 
2004). I will now examine those issues that have 
overlaid the timeline of Yorta Yorta occupation and 
continue to play a dominant role in forest manage¬ 
ment policies and practices. 
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MISCONCEPTIONS OF ABORIGINALITY 

When speaking of Indigenous Australians, there is a 
tendency amongst the majority within Australian so¬ 
ciety to distinguish between those people of the re¬ 
mote and the more settled regions. These binaries 
are also reflected in academic and politico-legal dis¬ 
courses. Those living in remote Australia are seen as 
‘traditional’ or ‘real’ while those living in the more 
settled areas arc often disparagingly referred to as 
‘not real’Aborigines (Gray 1999; Langton 1993:11- 
13; Council for Aboriginal Reconciliation 1996; 
Atkinson 2002). This distinction is based on stereo¬ 
typical notions of Aboriginality. There are, of 
course, differences between Indigenous cultures in 
different parts of Australia today, just as there were 
before white invasion. The Murray Island people 
are, in culturally significant ways, ‘different from 
Indigenous people on mainland Australia who in 
turn differ from each other’ (Mabo (No. 2) Toohey J. 
at 179). But the consequence of cultural diversity is 
something very different from the dichotomy so fre¬ 
quently drawn between ‘real’ and ‘not real’. The 
same type of judgment is rarely applied to other cul¬ 
tures in the same way. No one suggests that white 
Australian culture is not authentic because people 
no longer wear 18th Century clothes and travel by 
horse-driven transport, or that other cultural groups 
within Australia do not live the ‘right’ kind of cul¬ 
ture (Gray 1999). 

The mindset that constructs what is authentic 
and what is not reflects the fact that racial hierar¬ 
chies still persist as the dominant discourse. That is, 
the dominant culture still holds the power to impose 
value judgments on those who are seen as the ‘other’ 
(Said 1994:10-14; Anderson 1996). Such percep¬ 
tions operate at the unconscious level much of the 
time, and arc continuously reinforced by similar as¬ 
sumptions underlying much of the coverage of In¬ 
digenous issues by the media and the 
non-lndigcnous education system. It is not a percep¬ 
tion limited to overtly racist individuals, but is com¬ 
mon even amongst well-educated, intelligent people 
who may be sympathetic towards Indigenous peo¬ 
ple. Many Indigenous people, including myself, 
continue to deal with these misconceptions on a reg¬ 
ular basis (Indigenous Perceptions of the Academy 
1994). The infiltration of such views into the domi¬ 
nant society is extremely great. Indeed it is one that 
continually confronts Indigenous communities such 
as my own. It takes immense time and commitment, 
not to mention the need for adequate resources, to 


break down such views. It is relatively recent that 
Professor Stanncr called for Australians to transcend 
this mindset towards Indigenous Australians and to 
move on with a ‘better understanding’ (Stanner 
1969; Gray 1999; Harvey 1999:17-18; Bourke & 
Bourke 1999). 

The need to avoid perpetuating Aboriginal mis¬ 
conceptions is supported by one of Australia's fore¬ 
most Indigenous research institutions, the Australian 
Institute of Aboriginal and Torres Strait Islander 
Studies, Canberra (AIATSIS). In its analysis of re¬ 
search into Aboriginal and Torres Strait Islander 
Peoples, the Institute recognises the need for re¬ 
search to reflect the diversity of Indigenous societies 
and to avoid perpetuating the myth that most or 
‘real’ Aborigines live in the ‘Top End’ of Australia 
(AIATSIS 1999:13-16; Foster 1999; Bourke et al. 
1994:15). 

Divisive notions of ‘authentic’ Aboriginality 
were used by opponents of the Yorta Yorta Native 
Title Claim (1994-2002) (YYNTC) to justify extin¬ 
guishment arguments and to suggest that because we 
do not live like our ancestors did 170 years ago, all 
law and custom had ceased (Yorta Yorta 1996). In 
determining Native Title rights however, ‘no distinc¬ 
tions of Aboriginality need be made’, as the ‘rele¬ 
vant principles are the same’ (see Mabo (No. 2), 
Toohey .1. at 179). 

Having clarified some of the key misconcep¬ 
tions of Aboriginality, I will now focus on what I see 
as the up front factors that need to be considered in 
viewing Indigenous land relations. These are: In¬ 
digenous society in its proper time perspective; the 
notion of change in any cultural system; the exis¬ 
tence of a living culture that continues to maintain 
connections with the ancestral lands; and an aware¬ 
ness of the extent to which imported constructs have 
been used to categorise, classify and to create 
stereotypical notions of Indigenous identity & cul¬ 
ture (Broome 1994:121-4; Beckett 1994:1-8; Bird 
1993:89; Clayton 1988:53; Keen 1988; Cowlishaw 
1988; Aborigines Advancement League 1985:15-16; 
Langton 1981; Gilbert 1973:207). 

PERCEPTIONS OF INDIGENOUS 
LAND RELATIONS 

There is now a consistent Indigenous and academic 
view that sees Aboriginal perceptions of the land in 
terms of social, cultural and spiritual relationships 
(Rose 1997:43; Bourke & Cox 1994; Dodson 1994; 
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Yunupingu 1997; Berndt & Berndt 1977:135-43; 
Stanncr 1987), The word ‘use' and its Indigenous 
counterpart ‘relationship’ have different meanings. 
The term ‘use’ or ‘relationship’ does not have the 
same meaning, for instance, to a woodchippcr, a gra¬ 
zier, a town planner or a State Forest officer. The 
idea of ‘use’ from a western perspective is largely 
based on what the land is capable of producing eco¬ 
nomically and how it can be owned and controlled 
individually (Weberriss & Frauenfelder 1996). In¬ 
digenous ownership is based on communal relation¬ 
ships with the land in which rights are collectively 
shared and distributed between family groups. Tra¬ 
ditional rights to land have their origin in those tra¬ 
ditional laws, customs and uses identified by the 
High Court in Mabo (No. 1 & No. 2). These rights, 
exclusive to those in possession, were also capable 
of accommodating other cultural and economic in¬ 
terests (Mabo (No.2), Toohey J. at 146-8; Brennan J. 
at 43-5; Deane and Gaudron JJ. at 64). 

In his role as Chief Protector, Port Phillip Abo¬ 
riginal Protectorate (1838-49), George Augustus 
Robinson recognised Aboriginal ownership of land 
and property and was aware of the concept of terri¬ 
torial rights. “The Aborigines have ideas of property 
in land. Every tribe has its own distinct boundaries 
[which] are well known and defended. All the wild 
ducks are considered as much the property of the 
tribe’s inhabitants or ranging on its whole extent as 
the flocks of sheep and herds of cattle that have been 


introduced into the country by adventurous Euro¬ 
peans.” (Robinson, vol. 6:147). 

Notwithstanding the gulf between Western and 
Indigenous concepts of land ownership there are 
some parallels that can be drawn. John Locke’s ideas 
of property rights, arising from one’s labour invest¬ 
ment in the soil’ (Locke 1983:177-80), were not un¬ 
familiar concepts to Indigenous people (Dingle 
1988:30). They had well developed laws and prac¬ 
tices based on using the land in accordance with 
economic and cultural interests. While English the¬ 
ories of land ownership may have been influential in 
18th Century land acquisition policies, Mabo 
brought Australian law into line with contemporary 
notions of land justice. It abolished the concept of 
Australia as terra nullius, and rejected earlier 
Anglo-centric assumptions that were used to justify 
the denial of Indigenous land rights. The recognition 
of pre-existing Yorta Yorta rights in accordance with 
contemporary notions of justice and equality how¬ 
ever remains the key issue (Butt 1996:885-886; 
Mabo (No.2), 1992, Brennan and Deane JJ. at 29- 
43; Donahue etal. 1983:177-80). 

To understand and to appreciate the nature and 
antiquity of Indigenous land relations, the following 
timeline of Yorta Yorta occupation and connections 
will be used as a contrast to the relatively recent 
overlays of European history (Fig. 2). 

When speaking of Indigenous occupation of Aus¬ 
tralia, we are dealing with an enormous time-span. 


TIMELINE OF YORTA YORTA OCCUPATION 
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Fig. 2. Antiquity of Yorta Yorta occupation. 
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Indigenous occupation of the southeastern region has 
been put at 50,000-120.000 years (Kirk 1981:18; 
Singh & Kershaw 1981; Thome et al. 1999; Beattie 
1964). There are radiocarbon dates from Lake Mungo 
and Kow Swanip that range from 50,000 to 20,000 
years before present (Fig. 3; Thome & Macumbcr 


1972). The 50,000-year timeline comes from new in¬ 
florescence dating methods at Lake Mungo (Thorne 
ct al. 1999). Sites dated in the Murray Valley flood 
plain by Craib and Bohnommc in 1990-91 indicate 
that occupation of the claim area is at least 20,000 
years before present (Craib 1992; Bonhomme 1990; 
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Butler et al. 1973). Dates of vegetation core studies 
taken from Lake George (near Canberra) indicate that 
fire was and continues to be used by Indigenous peo¬ 
ple for land management and food production pur¬ 
poses from around 120,000 years ago (Singh & 
Kershaw 1981; Jones 1968). 

CHANGE AND ADAPTION 

Archaeological evidence predating the European in¬ 
vasion indicates that there have been changes taking 
place over this period but the extent of change does 
not appear to have been catastrophic. The arrival of 
Europeans with far reaching consequences, however, 
has tended to amplify the extent of change that has 
occurred and has tended to overlook the way Indige¬ 
nous society has adapted and continues to flourish as 
a vibrant living culture (Broome 1994:121 -24; Kohen 
1995:25-34; Goston & Chong 1994; Flood 1989:142; 
Aborigines Advancement League 1985:1-10). 

Indigenous and non-indigenous writers have 
challenged such omissions. Those who tended to 
portray Aboriginal society in a wholly traditional 
sense have attempted to broaden their perceptions to 
include the more contemporary situation (for exam¬ 
ple, Berndt & Bcrndt 1977; Elkin 1974). Aboriginal 
Studies programs in schools and universities empha¬ 
sise the need to teach traditional and contemporary 
culture (Bourke et al. 1994). Many historians recog¬ 
nise that Aboriginal resistance and survival was at 
the heart of the struggle to defend pre-existing rights 
to land and resources. Indeed some judges acknowl¬ 
edge that it was violence over land ownership that 
underwrote our history as a nation (Gray 1999; 
Mabo (No. 2), Brennan .1. at 69; Cannon 1993; 
Reynolds 1981, 1987; Broome 1994; Howard 1982; 
Christie 1979). 

Indigenous voices today are more likely to be 
heard by others. Their use of domestic and interna¬ 
tional legal processes has allowed Indigenous views 
to be expressed in international fora. The Working 
Group on Indigenous Peoples (WG1P), has devel¬ 
oped its own charter of Indigenous rights in solidar¬ 
ity with other Indigenous groups, and has gained 
access to the United Nations Commission for the 
Convention on the Elimination of Racial Discrimi¬ 
nation (CERD). The Yorta Yorta, as will be demon¬ 
strated, have adapted to many significant changes. 
Indeed they retain a remarkable sense of their cul¬ 
tural identity and connections with the claimed land 
and waters, and have continued to assert rights aris¬ 


ing from prior occupation. The reality of me speak¬ 
ing at a Royal Society Forum (June 2005) and hav¬ 
ing the opportunity to write on Indigenous 
perceptions for this publication is another way of 
challenging and hopefully bridging the gap that has 
been created (ATS1C 2000, Djerrkura 1999:1-8; 
WGIP 1997; Evatt 1996; Bird 1993; Fletcher 1994; 
United Nations 1969, 1997, 1999). 

While archaeological evidence can provide im¬ 
portant insights into prior occupation, Yorta Yorta 
perceptions of their connections are equally impor¬ 
tant. The Yorta Yorta trace their origins back to the 
time of creation, which is often conceptualised as 
the ‘eternal Dreaming'. In Indigenous epistemology 
this is the time when the Indigenous world took its 
shape and form, and from where all other living en¬ 
tities including laws and territorial rights flowed. 
While the Dreaming is said to be eternal it is some¬ 
thing that remains ever-present. Unlike the hard 
physical evidence it can’t be put under a microscope 
and dated, but it is as valid as any other belief sys¬ 
tem of originis and creation that runs parallel with 
linear timelines of occupation (Stanner 1969:225- 
36; Reynolds 1996:4-5). 

It follows that if Archaeology vindicates occupa¬ 
tion. then it goes without saying that the Indigenous 
ancestors have been in occupation for millennia be¬ 
fore the imposition of British colonial rule. It is one 
of the areas where a Yorta Yorta view of the world is 
planted in its own cultural context and, while it may 
differ to that of Archaeology, both schools of thought 
have generally confirmed and consolidated prior oc¬ 
cupation and possession of Australia by Indigenous 
nations (Wettcnhall 1999:6-7; Yorta Yorta Native 
Title Evidence 1997-98; Wcberriss & Frauenfclder 
1996; Stanner 1987; Bowler 1971). 

Against this background, it is often said that In¬ 
digenous Australians may possess the oldest living 
culture known to humankind (Bourke & Bourke 
1999). In measuring the birth of western civilisation 
and the creation of the more recent overlays of the 
common law of England, one can conclude that 
these are relatively recent events (Watson 1998; 
Chisholm & Nettheim 1982:10-17; Cambridge En¬ 
cyclopaedia of Archaeology 1980:21,109) A further 
translation of this timeline to Indigenous title, aris¬ 
ing from prior occupation, confirms that we are 
dealing with a concept of land ownership that ‘tran¬ 
scends common law notions of properly and posses¬ 
sion’ (Mabo (No. 2) Deane and Guadron JJ. at 100), 
and is unique in its own right. The chain of inheri¬ 
tance stretches back to prior occupation, and rights 
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to land, culture, identity and economic security flow 
to present day Indigenous peoples not as a creature 
of the imported law but as inherent rights (Butlin 
1983; Bartlett 1999; Reynolds 1996:14). 

The interface between Anglo-Australian and In¬ 
digenous notions of land ownership needs to be eval¬ 
uated. Anglo-Australian common law notions of 
property rights have been imposed on a vastly older 
Indigenous system. This exposes the absurdity of the 
common law’s classification of original interests as 
being a ‘burden’ on the far more recently introduced 
non-Indigenous system (Mabo (No.2), Brennan J. at 
37, Deane and Gaudron JJ. at 69). The derogation of 
original rights smacks of imported western value 
systems rather than the nature and antiquity of In¬ 
digenous based rights. The priorities of the Indige¬ 
nous system are logically and evidently clear. An 
equitable contemporary system would recognise the 
priority of Indigenous interests and require that any 
subsequent titles did not interfere with, or treat them 
as a lesser interest (Ridgeway 1997; Pearson 1997; 
Dodson, M. 1997; Dodson, P. 1997; Cummings 
1997; Yunupingu 1997; Reynolds 1996:14). 

In analysing Yorta Yorta occupation I will now 
look at the changing nature of Yorta Yorta land as a 
basis for examining the concept of adaption and 
continuity. This will be important for measuring the 
degree of change that has occurred before and after 
European contact and for examining the issue of 
continued connections. 


Change & adaption revisited 

To understand traditional relationships with the land 
and the process of change and adaption there are 
some common determinants. As survival depends 
on close interaction with the environment, a high 
weighting is given to natural conditions. From a ho¬ 
listic perspective the alteration to any one aspect can 
cause change within the whole system. Indeed there 
is an implied interdependence and in order to under¬ 
stand the interrelationship it is first necessary to ex¬ 
amine the physical and cultural histories and how 
natural resources are distributed across the land¬ 
scape (Redman 1978:7-11; Hole & Hcizer 
1973:440-1; Binford 1972:105-13). 

Many of the changes that impacted on traditional 
Yorta Yorta occupation have been associated with the 
waterways. One of the most significant is the Cadcll 
Fault, which occurred around 25,000 years ago. This 
probably began 60,000 years ago (Page ct al. 1991). 


The fault may have moved again 25,000 years ago. 
This tilt block was thrown up between Deniliquin 
and Echuca, forcing the existing westward flowing 
river system to divert and flow north towards De¬ 
niliquin before turning west again at the end of the 12 
metre high tilt block. A large lake formed at the 
southern end, near Echuca, and remained until about 
9,000 years ago when a channel was cut to the south 
to allow the stream to connect with the Goulburn 
River system (Duncan 1982:210; Coulson 1979:134- 
8; Currey & Dole 1978). 

Responding to change 

A Yorta Yorta story speaks of a ‘great flood’ occur¬ 
ring in the distant past that forced people to move 
from the forests up onto the sand ridges (Fig. 4). The 
old people watched as the water backed up until it 
nearly covered the tops of the trees. They were con¬ 
cerned about the loss of their traditional food areas 
and arc said to have ‘walked along to a point where 
they decided to let her go’ and with their digging 
sticks they dug a drain through the sandhill. The 
force of the water cut its way through the more re¬ 
cent course of 8,000-10.000 years ago (Coulson 
1979:134-6; Currey 1978; Currey & Dole 1978; 
pers. comm, with Yorta Yorta elder at site 1981). 

It is of profound interest that the point of release 
for the flood waters is at the site of the old Maloga 
Mission, which was established on the edge of the 
sandy promontory by Daniel Matthews in 1874. It 
was by no coincidence that Yorta Yorta elders told 
Matthews that this particular site was a ‘great gath¬ 
ering place for as long as anyone could remember’ 
(Cato 1976:19). The location of the traditional meet¬ 
ing place and its connection with the relatively re¬ 
cent cutting of the river course remains an intriguing 
question. Indeed the legendry site in terms of the 
events witnessed and the knowledge within, tucked 
away on the river bend east of Echuca, is of equal 
icon status to the more recent overlays of colonial 
history. Whether the meeting place was there before 
or after the fault is yet to be confirmed. The event it¬ 
self, however, is a good example of the changing and 
evolving nature of traditional land relations. Tradi¬ 
tional conventional mechanisms of land use and 
control would have adapted to accommodate for 
change and survival. Cultural continuity was the 
outcome. 

As indicated in the map (Fig. 1) there are many 
features of the study area that remain of significant 
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Fig. 4. Cadell Fault and story of the Great Flood (as told to Wayne Atkinson by Yorta Yorta eld¬ 
ers). Yorta Yorta elders speak of a great flood that happened in the distant past. The story tells of the 
water backing up until it nearly covered the tops of the old gum trees in the forest, and how it forced 
Yorta Yorta people to go up onto the sand ridge on the edge of the forest. The elders became con¬ 
cerned as they watched the water rising and decided to release the water with their digging sticks, 
which they used to dig a drain through the sandhill and allow the water to cut its more recent course 
at the site of the old Maloga. (Changes to phases: 1: 30,000 yrs; 2: 20,000 yrs; 3: 10,000 yrs BP) 
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Fig. 5. View of Barmah Forest from top of sand ridge. 




Fig. 6. Sand ridge towards Murray River. 
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icon status to the Yorta Yorta. The rivers, lakes, bill- 
abongs, sand ridges and ochre deposits are features 
of the area from earlier times. Given that Indigenous 
subsistence depended very much on utilising the re¬ 
sources of the suitable bodies of water and living 
zones, many adjustments like those described would 
have been common to Yorta Yorta occupation 
(Bowler 1971; Currey & Dole 1978). 

Yorta Yorta subsistence patterns can be gleaned 
from an analysis of the resources available. Studies 
of similar environments in the region at the Willan- 
dra Lake system (Lake Mungo) to the north and at 
Kow Swamp in the west of the claim area provide in¬ 
sight into what the riverine environment was capable 
of producing. Bonhomme (1992) gives a good ac¬ 
count of resources in the study area. 

NATURE AND DIVERSITY OF 
YORTA YORTA LAND 

Water 

Change has been a central and continuing feature of 
the Murray Valley for most of its existence. During 


the last 9,000-10,000 years (Holocene), with the ex¬ 
ception of some climatic fluctuations, general living 
conditions have remained relatively stable. The re¬ 
cent work by Ian Rutherfurd and Christine Kenyon, 
on Holocene climatic fluctuations reinforces the 
theme of adaption and continuity (Rutherfurd and 
Kenyon, Kenyon, this issue). That is in response to 
climatic fluctuations and other land changes that 
have occurred; Indigenous people adapted and sur¬ 
vived most admirably, and the majority have re¬ 
mained in occupation of the region. 

Studies of vegetation zones indicate that there 
were some marginal areas but the compensating fac¬ 
tor for the Murray Valley region is the river systems. 
Like other inland regions, the water bodies have 
been extremely important for Indigenous subsis¬ 
tence (Bowler 1971). The major rivers (lowing into 
the study area trace their sources to the highlands of 
the southeast where they are regularly replenished 
by annual rainfall and snow melts (Butler et al. 
1973). 

Although stream courses have changed, the river 
systems are likely to have served as major focal 
points throughout the time the area was occupied. 
The range of living zones utilised by the Yorta Yorta 



Fig. 7. Lyn Onus art site: Jimmy's Billabong. 
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Fig. 8. Barniah Forest lagoon. 


have been identified (Penney 1979:10-33). Titese 
are the river; the river edge with its tall river red 
gums; the wetlands, including swamps, billabongs, 
streams and anabranches; grassy plains interspersed 
with patches of scrubland; and the drier mallee re¬ 
gion (Butler ct al. 1973; Mulvaney 1975:137-8). 

Food Sources 

The living zones produced a variety of food 
sources, including fish, waterbirds, yabbies, mus¬ 
sels, turtles, possums, kangaroos, emus, cumbungi 
reeds, water lily, dandelions, angled pig face, sow 
thistle and lerp (Pardoc 1988:203). These environ¬ 
ments arc described by archaeologists as ‘broad 
based economies'. They arc capable of providing a 
broad range and abundance of foods on a regular 
basis (Goodall 1996:12). When describing the var¬ 
ied and abundant food supply, Yorta Yorta people 
often equate the study area with the concept of a 
‘smorgasbord’, meaning ‘food and natural resources 
were there laid on and you didn’t have to go too far 
to fulfil your everyday needs’ (Age 1 Nov. 1998; 
Yorta Yorta 1998). 


Living Patterns 

As the food quest was largely determined by the sea¬ 
sonal availability of food, it is natural for groups to 
follow its cyclical nature. The warm months on the 
rivers were the most productive while the few colder 
months and when the river was in Hood encouraged 
dispersal, in smaller groups, to areas away from the 
main water bodies (Beveridge 1889:27; Kirk 
1981:73-5; Kncebone 1992). The Yorta Yorta used 
these living zones to satisfy their dietary needs at 
different times of the year. 

Movement across these zones, though, was not 
simply for economic reasons. The seasonal arrival of 
food coincided with cultural activities. Many of the 
larger gatherings were organised in conjunction with 
the arrival of food and some of the ceremonies were 
held to perpetuate particular food species. The 
totemic restrictions on some foods also helped to 
protect certain foods from being over-exploited 
(Hagen 1997:60-9). 

The general abundance of food would have re¬ 
duced the amount of time required in the food quest, 
which in turn would have created much more time 
for leisure activities. Anthropologist, Marshall 
Sahlins, describes this type of lifestyle as one that 
supports his condition of the ‘original affluent soci¬ 
eties’ (Sahlins 1974). Such groups typically invested 
about four to five hours a day in the food quest. This 
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Fig. 9. Algabonyah Plain (Moira Forest). 


allowed more time for the maintenance of cultural 
connections with the land and waters (Curr 1965:46; 
Sahlins 1974). Economic historian, Tony Dingle, 
notes that ‘two to four hours of intermittent effort’ 
was all that was required to provide sufficient food 
for the day. Furthermore ‘the food quest was not 
usually considered either arduous or unpleasant. In¬ 
deed we are looking at an economy which was 
enjoying a thirty to thirty-five hour working week at 
a time when European labourers worked almost 
twice as long in order to sustain themselves' (Dingle 
1988:30). Elsewhere, he suggests that it is probable 
that in 1788 ‘Aborigines enjoyed a somewhat greater 
life expectancy than the British who were poised to 
invade Australia in 1788’ (ABS 2000; Age 18 April 
2000; Dingle 1988:33). 

Looking at the impact of such changes on Yorta 
Yorta society one can better appreciate the desires to 
emulate the old ways. Many, myself included, prefer 
to follow aspects of our own culture rather than the 
undesirable elements of western culture that are 
making inroads into the well-being of many Indige¬ 
nous communities (ABS 1999). 

In recent years. Indigenous groups have chosen 
to return to their traditional homelands. Many Yorta 
Yorta have returned to Cummeragunja to reaffirm 
their cultural connections and many have returned to 


the residential centres within the claim area. This in¬ 
volves both a desire to get away from the undesir¬ 
able aspects of mainstream life and the need to get 
back in touch with family and country. The move¬ 
ment does not suggest abandonment or severance of 
cultural ties but fulfilment of the need to maintain 
cultural connections and identity. Indeed, the ABS 
1996 Survey revealed that the Yorta Yorta had main¬ 
tained significant physical and cultural connections 
with the claim area (ABS 1996; Coombs 1994:24- 
31: McKendrick 1999). 

Since the nadir of the assimilation policies of the 
1940s. the Cummeragunja population has steadily 
increased. Declining economic opportunities in the 
mainstream labour market, racism, and the sense of 
being at home with one’s own mob have contributed 
to a population increase of over 200. The movement 
back may well be connected with the underlying 
socio-economic factors, highlighted in the Aborigi¬ 
nal Deaths in Custody Royal Commission Report 
(1991) and Bringing Them Home Report of The 
National Inquiry into the Separation of Aboriginal 
and Torres Strait Islander Children from their Fami¬ 
lies (1997). The reports on Aboriginal Health and 
Welfare matters by the ABS (1997) and on Aborigi¬ 
nal employment (Taylor and Altman 1997) further 
highlight the degree of inequality experienced by 
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Indigenous people (McKendrick 1999; Editorial, 
Age 12 Aug. 1999; Coombs, 1994:24-31). 

The evidence ofYorta Yorta occupation exempli¬ 
fies the rich and diverse nature of the study area. 
The importance of the wetlands and the holistic na¬ 
ture of land, water, vegetation and wildlife are ex¬ 
emplified. The Yorta Yorta took advantage of the 
stability and abundance of resources from which 
evolved a relatively large and resilient nation of 
people (Laurandos 1997:233-5). 

Traditional Land Management Practices 

Changes in traditional Yorta Yorta land management 
practices and technological strategies need to be 
highlighted (Flood 1989:48-50). These varied from 
simply managing existing resources to manipulating 
the environment to secure more sustainable returns. 
Dingle points to the Murray Valley as ‘a resource- 
rich area where there were moves towards complex 
resource management’ (Dingle 1988:48). The con¬ 
structing of elaborate fish trap systems is an exam¬ 
ple of how the Yorta Yorta were able to increase 
returns and minimise individual elfort. The use of 
fire was another important land management and 
food production tool (Yorta Yorta 1999:19-28; 
Kneebonc 1992; Craib 1992; Bonhomme 1990; 
Atkinson & Berryman 1983; Penney 1979:10-22). 

Use of Fire 

Indigenous people used a system of land manage¬ 
ment which involved seasonal movement within 
their lands and a practice known as 'fire-stick farm¬ 
ing’. Edw ard Curr noted the use of the ‘fire-stick’ as 
a food production & land management practice in 
the Barmah-Millewa area in 1841. Curr explains 
‘Living principally on wild roots & animals’ he 
[Aborigines] ‘tilled his land & cultivated his pas¬ 
tures with fire’, the frequency of which he estimated 
was ‘once in every five years’ (Curr 1965:88). 

Fire was used by the Yorta Yorta for hunting and 
regeneration purposes, for clearing tracks through 
reed beds, and as a strategy for dissuading Euro¬ 
peans from venturing into the land (Curr, 1965:88; 
Havvdon, 1852:33; Sturt. 1899:138, 143). Tradi¬ 
tional burning is still being used in Kakadu Na¬ 
tional Park (Northern Territory) and Gariwerd 
(Grampians) National Park, Victoria. The reintro¬ 
duction of fire or controlled burning as a land man¬ 


agement strategy is one of the rights being asserted 
by the Yorta Yorta (Koori Ranger, Barmah Forest, 
pers. comm. 21 Sept. 1998; Young et al. 1991:165- 
8). The immense value of such Indigenous strate¬ 
gics is becoming increasingly recognised amongst 
non-lndigenous experts and authorities responsible 
for land management. The larger raging bush fires 
often witnessed today are attributed to the absence 
of controlled burning, and understorcy build-up, 
which is now being managed by fuel reduction 
burning. ‘Poor fire management’ as to efficient and 
controlled burning, however, has proved to be a 
problem in land management strategies, particu¬ 
larly in relation to the way fire is being used in state 
national parks (Sydney Morning Herald 9 July 
2005). 

ABORIGINAL SITES AS EVIDENCE OF 
OCCUPATION 

While the study area has undergone rapid changes 
since white settlement, much of the evidence or 
manifestations of prior Indigenous occupation re¬ 
mains. This evidence, together with Yorta Yorta 
knowledge, becomes crucial for ascertaining pre-ex¬ 
isting rights to land and resources and for cultural 
heritage protection. Given the antiquity of Yorta 
Yorta occupation and the extent to which it mani¬ 
fests itself in the nature and distribution of sites 
within the study area, it would be reasonable to sub¬ 
mit that the study area is or at least can be seen as a 
cultural site within its owm making (Redman 
1978:7-11; Binford 1972:105-13; Hole & Heizer 
1973:440-1; Oncountry Learning 2005). 

Archaeological work in the claim area has been 
restricted to sample surveys, the re-burial of skeletal 
remains and the analysis of cultural objects (arte¬ 
facts, stone tools, etc). Most of the cultural heritage 
work by the Yorta Yorta has focused on site manage¬ 
ment and protection. The impact of grazing, trail 


Site type 

New South Wales 
count 

Victoria 

count 

Total 

count 

Scarred tree 

118 

881 

999 

Mound 

141 

212 

353 

Open scatter 

14 

79 

93 

Middens 

19 

17 

36 

Burial 

20 

24 

44 

Totals 

312 

1213 

1525 


Table I. Yorta Yorta site types recorded at 1999 (from 
Management Plan for Yorta Yorta Heritage, Yorta Yorta 
Nations Inc., 1999, pp. 38-40). 
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bikes, and four-wheel drives on sites is a major con¬ 
cern (Bonhomme 1992; Craib 1992; Atkinson & 
Berryman 1983). The more recent archaeological 
work conducted by Bonhomme (1992) and Craib 
(1997) provides a good sample of site density and 
distribution, within a relatively limited area. Over 
1818 sites have been recorded, most of which are lo¬ 
cated in Barmah Forest (82%) and the other 333 
(18%) are in the Millewa Forest, New South Wales 
(Craib 1997:32; Bonhomme. 1992:67). The distri¬ 
bution and types of sites recorded is indicated in 
Table 1. 

While archaeology can ascertain site density in 
a particular area, it can also make inferences on 
broader site distribution and the extent of site loss, 
through the imposition of introduced changes and 
through the deposition of flood soils over the 
millennia. 


Material Evidence 

The material objects, which are expressions of tradi¬ 
tional lifestyle and culture, do not, of course, include 
the many organic materials used by the Yorta Yorta. 
Most of the wooden spears, clubs and boomerangs. 


the fibre bags and nets, the shell knives, scrapers 
and hooks, the possum skin cloaks, the bark and 
grass huts and the myriad of single camp fires dot¬ 
ted around water margins have not survived erosive 
factors such as wind, fire, flood and bacterial de¬ 
composition (Atkinson & Berryman 1983). Archae¬ 
ological research has been able to locate and date 
other artefacts and make inferences about their var¬ 
ious functions and uses. The 15,000-year-old Kow 
Swamp excavation (Kirk 1981:24; Mulvancy 1975) 
has revealed various burial practices, together with 
the use of stone artefacts, shells and marsupial teeth 
as grave items. While burial practices have been ad¬ 
justed to cater for changes in Yorta Yorta society, 
some traditional customs are still practised. Most 
Yorta Yorta prefer to be buried in the ancestral lands; 
some have personal belongings buried with them 
and many still use smoke as a cleansing process in 
mortuary ceremonies. Some states have recognised 
Indigenous people’s rights to be buried in their own 
land so that their spirits are free to join their people 
(Age I Nov. 1999; Atkinson 2000 chapters 7-8; pers. 
observation of funeral practices at Cummeragunja). 

A bark canoe cut from the river red gums with 
stone axe heads is a traditional artefact of great sig¬ 
nificance to the Yorta Yorta. Canoes were used in 


Fig. 10. Site protection, Barmah Forest. 
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great numbers for travel, foraging and fishing plat¬ 
forms from which to spear and hook fish. They were 
used for transporting pastoralists and their stock 
across watercourses and for carrying goods to and 
from pastoral stations. The larger ones are believed 
to have been used to mount attacks on stations 
around the Moira wetlands during the resistance 
campaign. The age-old craft of extracting bark for 
various uses including canoes is a cultural practice 
that continues in adapted forms. Cultural activities 
like these arc promoted by the Dharnya Centre and 
the Bangerang Cultural Centre Co-Operative, Shcp- 
parton (Yorta Yorta 1997; Beveridge 1889:19, 63- 
91; Curr 1965:84-91; Stone 1911; Brough-Smyth 
1878, vol. 1: 215, vol. 2; 298; Stanbridge 1861). 

The hard evidence (sites and objects) confirms 
that the Yorta Yorta people have maintained an inter¬ 
est and connection with the land and waters from 
long before Europeans arrived to the present. They 
still speak of this connection as an inherent right. 

Yorta Yorta perceptions of their heritage overlap 
with much of the archaeological data (Atkinson 
1981; Morgan 1952). 

Fig. II. Canoe tree, Barmah-Millewa Forest. 




Fig. !2. Fish trap system (Moira Forest) and natural water courses used for fish storage. 
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YORTA YORTA COMMUNITY TODAY 

The Yorta Yorta declare that they have never relin¬ 
quished their sovereign rights to territories occupied 
by their ancestors. Given the interference of those 
events described by Mabo as ‘unjust and discrimina¬ 
tory’, the Yorta Yorta have continued to live on the 
ancestral lands and to exercise their inherent rights 
to use resources, and to continue cultural practices 
(Mabo (No. 2) 1992 Brennan J. at 29, 40-3: Aborig¬ 
inal and Torres Strait Islander Social Justice Com¬ 
missioner 1995:94-6; Yorta Yorta 1984, 1994, 1995, 
1996, 1999). 

The current Yorta Yorta population is estimated 
to be 5,000-6,000 (Hagen 1997; Alford 2002; Rum- 
balara Aboriginal Community 2001). Figures from 
the 1996 ABS survey indicate that the majority of 
Yorta Yorta people, still physically occupy the an¬ 
cestral lands and that the Yorta Yorta population 
continue to regard the area as their traditional 
homelands. Other reports that correlate the legacy 
of land loss with current health concerns support 
continued Yorta Yorta connections (Alford 1999; 
McKendrick 1999; ABS 1996; Department of Con¬ 
servation & Environment 1992). 


The majority of Yorta Yorta live in the townships 
of Echuca, Moama, Shepparton. Mooroopna, Cum- 
meragunja, Barmah, Nathalia, Finley, Cobram, 
Kyabram, Wangaratta and Mathoura, and other 
smaller centres within the lands. Some live nearby at 
Albury, Wodonga, Deniliquin, Kcrang, Barham and 
Swan Hill. Others have moved to the cities to pursue 
educational and economic interests, most of whom 
still visit the area regularly to maintain social and 
cultural links (ABS 1996; Hagen 1997:6-8; Yorta 
Yorta 1999:10; Atkinson 2000, chapters 8-9). 

The Yorta Yorta have set up organisations to 
service the needs of their people in housing, health, 
education, employment, land, sport and heritage 
matters. These organisations provide mechanisms 
through which the Yorta Yorta have been able to deal 
with governments on both sides of the Murray and 
to maintain the social and cultural fabric of their so¬ 
ciety. 

Many of the Yorta Yorta were instrumental in the 
fight for civil and political rights leading up to the 
1967 Referendum. They established the first Abo¬ 
riginal organisations in Melbourne and Sydney in 
the early 1930s. Some of the early leaders were ac¬ 
tive in highlighting similar injustices in other parts 
of Australia in the 1950s and in assisting those 



Fig. 13. Occupation site: mounds on each side of natural lagoon system. 
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Victorian communities that gained some land justice 
in the 1970s and 1980s ( Aboriginal Land Act 1970 
(Vic); Aborigines Advancement League 1985: 55- 
84; Horner 1974:68-80; Barvvick 1972; Broome 
1994:80-4; Atkinson 1996;Goodall 1996:230-58). 

TIDE OF HISTORY REJECTED 

Yorta Yorta people reject the notion that their con¬ 
nections have been washed away by what is de¬ 
scribed in euphemistic phrases like the ‘tide of 
history’ and reassert their position as the traditional 
occupants and owners of the lands inherited from 
their ancestors. The history of race relations and 
conflict over land ownership expose the ‘tide of his¬ 
tory’ as no more than fanciful language, dressed up 
in disguise, which was used to cover over the under¬ 
lying and causative effects of the struggle for land 
justice. The application of the tide idea in the 
YYNTC as a barrier to land justice perverted the 
course of justice in the Yorta Yorta case. It is often 
likened with the analogy of rubbing salt into the 
deep wounds of Yorta Yorta society. Reconciling the 
unfinished business of land justice and reaching a 
position of real effective and genuine reconciliation 
are the challenges that confront all parties in the 
study region. 

The Yorta Yorta asserts that those rights that 
arise from prior occupation have continued. Scien¬ 
tific analysis of past activities is able to substantiate 
that the land was occupied and possessed by Indige¬ 
nous people. From this evidence we can see that 
Yorta Yorta culture was not frozen in time and place 
but was continually adapting to cater for the chang¬ 
ing circumstances of the time. 

Overlay the antiquity of Indigenous occupation 
use and enjoyment of the ancestral lands with the 
more recent events and any normal, rational think¬ 
ing person would agree that they are indeed rela¬ 
tively recent events. However, overlay the impact of 
the last two centuries or more, in terms of their dom¬ 
inance and control over Indigenous existence and 
land management practices, and one can arrive at a 
position where the notion of the ‘search for common 
ground" is a fundamental reality for Yorta Yorta sur¬ 
vival and cultural continuity. 
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GEOMORPHOLOGY OF THE BARMAH-MILLEWA FOREST 
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RUTHERFURD. l.D. & KENYON, C.E., 2005. Geomorphology of the Barmah-Millewa Forest. Pro¬ 
ceedings of the Royal Society of Victoria 117( 1): 23-39. ISSN 0035-9211. 

The Barmah-Millewa torcst has excited the curiosity of two generations of earth scientists. This tri¬ 
angle of forest has developed on a low-angle alluvial fan formed by an anabranching network of chan¬ 
nels. The Barmah-Millewa forest exists because of the limited hydraulic capacity of the present channel 
of the Murray River, lhc result is that flood flows leave the Murray and spread through the forest via a 
complex network of effluents. The extent and position of those effluents is, in turn, controlled by the fan 
of palaeo-levces associated with late Quaternary channels of larger size, and coarser sediment load. The 
morphology of the Barmah-Millewa fan is thus indirectly a product of the rise of the Cadell Fault block, 
but directly the result of a sequence of channel avulsions. The most enigmatic of six distinct avulsions 
is the most recent which has taken the river to the south. In a few thousand years the river will make its 
next avulsion, this time returning to its more natural, northerly, path along the Edward River, to the north 
of the Cadell Fault block. In this light, the present path of the Murray, via Echuca, could be described as 
a short-term southern excursion for Australia's iconic river. 

Key words: Murray River, Barmah-Millewa Forest, palaeo-channcls, climate change, tectonics, stream avulsion 


"[THE NATIVES] endeavoured to explain to us that 
large water twisted to the N. W. of us, but it did not 
require their assurances to strengthen my belief that 
we were gradually entering, deep, into a flooded re¬ 
gion, of greater extent, than any I had encountered, 
for there were sufficient indications of that fact 
around us; not only did the River deepen in its bed, 
but, its waters became dark in colour and earthy in 
taste." Sturt (1838, in Sturt 1899). 

So said Sturt in 1838, on entering the upstream 
end of the Barmah-Millewa Forest on his journey 
down the Murray River. From the air. the Barmah- 
Millewa Region is a distinctive triangle of forest, 
with sides of approximately 60 kilometres, compris¬ 
ing nearly 1,800 km 2 (see map at front of Proceed¬ 
ings). The western side of the triangle is defined by 
a north-south oriented fault scarp of 5 to 15 m 
height, that stretches roughly from Echuca in the 
south to Deniliquin in the north. T he Murray River 
enters the triangle at the eastern apex, and exits the 
area at the south-western point. As described else¬ 
where in this journal, this triangle of land is distinc¬ 
tive as the world’s largest river red gum forest. The 
forest exists because (a) the capacity of the Murray 
River decreases through the forest, leading to regu¬ 
lar winter-spring flooding (Dexter 1978); and (b) the 
floodplain of the Murray is not confined, allowing 
floods to spread laterally for tens of kilometres, and 
persist for weeks and months. The special hydrolog¬ 


ical character of the forest is a direct result of the re¬ 
markable gcomorphic history of this area. The three 
key elements of this history are climate change, tec¬ 
tonics, and stream avulsion processes. 

This paper describes the geomorphology of the 
Barmah-Millewa region, in order to provide some 
context for the other papers in this special issue of 
the Proceedings of the Royal Society of Victoria. We 
are fortunate that this area has been the focus of sev¬ 
eral gcomorphic investigations, beginning with the 
astute observations of Harris, a school teacher in 
Echuca in the 1930s, who was the first to identify 
the Cadell Fault block (Harris 1939). Later re¬ 
searchers, in the 1960s and 70s, found that the fault 
block hud diverted rivers of different ages, and that 
these were apparently formed under very different 
climates, thus providing important evidence of late 
Quaternary effects on fluvial activity. Interpreta¬ 
tions of this record by Bowler and Harford (1966) 
anil Bowler (1978) also stand as classic reconstruc¬ 
tions of late Quaternary environments from geomor- 
phic evidence. Interpretation of this remarkable 
record continues today. The large 1956 and 1974 
floods on the Murray River, combined with the in¬ 
creasing importance of the Murray as a conduit for 
irrigation water, led to some prescient gcomorphic 
investigations by the Rural Water Commission and, 
later, by the Murray-Darling Basin Commission. 
Don Currey, in particular, recognized the influence 
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of the small channel capacity, in the Barmah Forest 
reach of the Murray, on flooding and on irrigation 
capacities. His 1978 paper with David Dole in the 
Royal Society of Victoria Proceedings, is also a clas¬ 
sic synthesis of the implications of geomorphic his¬ 
tory for present river management. Despite this 
legacy of good work, there arc still several tantaliz¬ 
ing mysteries about the geomorphic history of this 
region that we mention, but do not solve. 

This paper summarises these earlier studies, 
concentrating on the morphology of the forest and 
its streams, rather than on the more contentious in¬ 
terpretation of climatic genesis. The goal is to ac¬ 
count for the hydrology and sediments of the forest 
area. However, we do draw on some remotely- 
sensed. digital-elevation data that is now available. 
The Murray-Darling Basin Commission has com¬ 
missioned laser-borne (LIDAR) surveys of the Mur¬ 
ray floodplain, that provide elevation data to a 
resolution of better than 100 mm. The beauty of 
these surveys for the geomorphologist and hydrolo¬ 
gist, is that the so-called ‘last-return’ of the laser al¬ 
lows us to see the surface below the tree canopy. 
Because slopes in the region are so low, geomorphic 
interpretation by past authors has relied on early ir¬ 
rigation surveys that have not really been improved 
upon since Harris first used them in his 1939 publi¬ 


cation. Thus, this paper provides more detailed 
physiographic information than earlier efforts. 

PHYSIOGRAPHY OF THE 
BARMAH-MILLEWA FOREST 

The region consists of a low-angle alluvial fan with 
streams of different character spreading out from the 
apex of the fan at Tocumwal, towards the Cadell 
Fault block that forms its western edge (Fig. 1). The 
Barmah-Millewa Forest has a consistent slope from 
east to west of0.00025, which represents a fall of20 
m over the 80 km (or 1 m of fall for every 4 km) be¬ 
tween Tocumwal and the Cadell Fault. I Tone follows 
a NS axis parallel with the ridge of the Cadell Fault, 
the forest has a slight slope to the north, falling five 
metres in nearly 80 kilometres (Fig. 2). The northern 
edge of the fan is clearly delineated from the land to 
the north that is some 2 to 3 metres higher. The fol¬ 
lowing are the major physiographic features of the 
region: 

1. The Cadell Fault block takes the form of a 
conic section, with its E-W long-axis being 32 kilo¬ 
metres long, and its N-S section (the Cadell Ridge) 
being some 60 km long, and forming a curved ridge 
crest that is a maximum of 15 m high at the centre. 



Fig. !. Oblique LIDAR image of the Barmah-Millewa Forest region (vertical exaggeration x 300). Lines show the paths 
of cross-sections shown in later figures. 
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Fig. 2. North-south profile parallel with (but cast of) the Cadell Fault. The section runs from Lake Kanyapella north¬ 
ward across the floor of Lakes Moira anil Barmah, and to the Edward River (Location of section shown on Fig. I). De¬ 
scription of points: (a) Little Lake Kanyapella, with lunette and silt jetties to the north (b) Lunette of Big Lake Kanyapella 
(25m high note that this is truncated in the figure) (e) Bed of Moira Lake (d) Bed of Lake Barmah (e) Lunette of the 
Old Barmah Lake (f) Source bordering dunes from the Ancestral Murray along Gulpa Creek (g) Ancestral course of Gulpa 
Creek (h) Trench of the Edward River. (Note the extreme vertical exaggeration). (Cross-section based on LIDAR 10 m 
grid elevation, accurate to 15 cm vertical). 


and falling to the north and south. The fault block 
falls 15 in in 32 kilometres from E to W, producing 
a slope of 0.00046 which is twice the slope of the 
Barmah-Millewa forest. 

2. There are .several palaeo-lakc floors in the 
region. The largest of these is the palaeo-Lake 
Kanyapella which lies at the southern end of the 
Cadell Fault. The lake is 20 km NS. and 20 km EW, 
and extends as far to the west as Echuca. In the south 
of Kanyapella is a smaller lake (Little Kanyapella) 
with a diameter of 6 km. The other major lake com¬ 
plex lies immediately to the east of the Cadell 
Ridge. A large palaeo-Lake Barmah (here called Old 
Lake Barmah) stretched about 20 km north from the 
NE edge of Lake Kanyapella (see Kenyon this 
issue). Nestled within that larger palaeo-lake floor 
are numerous smaller, active lakes, the largest of 
which are the Barmah and Moira Lakes, which are 
presently divided by a silt-jetty of the Murray River. 
A string of small lake floors lie immediately to the 
east of the Cadell Ridge. 

3. The major source of relief in the region, apart 
from the Cadell Ridge, is provided by aeolian dune de¬ 
posits. The highest of these is the large lunette formed 
at the eastern and north-eastern edge of Lake 


Kanyapella, known as the Barna Sandhill. This lunette 
attains its highest point of 25 m immediately where it 
intersects the Cadell Ridge. The lunette falls in height 
to the south, being just 8 m high where it is cut by the 
Murray River, and just three metres high where it is 
cut by the Goulbum River. Smaller lunettes are 
formed on the eastern edge of Little Kanyapella (4 m 
high), and Barmah Lake (from 0.5 to 5 m high) (this 
is known locally as Bucks Sandhill, and the lunette is 
followed by the Sandridgc Track). The other major ae¬ 
olian feature is the source bordering dunes. These 
formed along northern stream banks from sand blown 
from the scasonally-dry bed of ancient streams by 
south-westerly winds. Many are now expressed as low 
mounds up to 1.5 km across and several kilometres 
long (Lawrence 1988). These are found discontinu- 
ously along the northern and eastern side of certain ac¬ 
tive and inactive streams, and arc best preserved along 
Arutulla Creek, where they are between 4 and 8 m 
high, and can be up to 1.5 km wide. 

4. Fluvial features provide the last distinct ge- 
omorphic element of the region. Remnant river 
channels of different character spread out from the 
fan apex. The most prominent fluvial features are 
the 1 m levees of the present stream, and the 2 m 
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levee of the stream presently occupied by Bullatale 
Creek. Between the levees, the floodplain floor is 
criss-crossed by myriad anastomosing channels. 

GEOMORPHIC GENESIS OF THE 
BARMAH-MILLEWA 

The Barmah-Millewa forest can be interpreted as one 
of three low-angle alluvial fans formed by successive 
avulsions of the Murray and Goulburn Rivers, across 
the Riverine Plains (Butler 1950). These fans form 
the great floodplains of the central Murray River. 
Ruthcrfurd (1994) describes the Barmah-Millewa fan 
to the east of the Cadell Fault block, the Gunbowcr 
Fan to the south-west of the fault block, and the 
Wakool fan formed to the north-west. The Barmah- 
Millewa fan is composed of fine sediments ranging 
from coarse sand to clay in size, deposited in a com¬ 
plex mix of lacustrine, fluvial and aeolian environ¬ 
ments. We will now describe the sequential history of 
the development of the Barmah Fan. 

The general surface of the Riverine Plains (the 
Shepparton Formation) was deposited by streams that 
Butler (1950) labelled the ‘prior' streams. These dis¬ 
tributary streams had low sinuosity, sandy levees, clay 
swales between the levees, and some source border¬ 
ing dunes. The prior streams carried sandy bcdload. 


and had well-developed sandy levees that are now 
characterized by red-brown earths. Channel widths 
were more than three times larger than present 
streams. Butler (1958) identified the deposits of the 
most recent set of prior streams as being a distinct soil 
formation, characterized by heavy clay sediments that 
he named the Coonantbidgal Formation. 

Pels (1964) recognized more complexity in the 
streams associated with the Coonantbidgal sedi¬ 
ments, and named these the ancestral streams. These 
are continuous, sinuous channels with wide, well- 
defined meander belts (examples can be seen in Fig. 
3). The ancestral streams are incised 3 to 5 metres 
below the level of the general plain: they lack levees, 
and are tributary (rather than distributary) systems 
that overlap with many of the modern streams. 
Today, these channels carry water during floods. 
Levees and distributaries are absent. Meander wave¬ 
lengths were more than twice the size of those of the 
modern river. More recent dating and description 
has tended to blur the distinction between the prior 
and ancestral streams. Bowler and Harford (1966) 
and Bowler (1978) renamed and redated Pels’ Coon- 
ambidgal sub-units on the basis of evidence from the 
Goulburn River. More recently. Page et al. (1991) 
have found older ages for ancestral streams, and 
have confirmed Bowler's (1986) view that some 
prior and ancestral streams were coincident. Page 



Fig. 3. Apex of the Barmah-Millewa Fan (10 m LIDAR) (Key: ITC: Stage 1, Tuppal Creek (note source bordering 
dunes (SBD)); 2 GO: Stage 2 Green Gully/Tallygaroopna channel (again note SBDs on north bank), present path of Arat- 
ullah/Cornalla Ck: 4 BC Stage 4, Bullatale Creek avulsion; 5 HM: Stage 5, Holocene Murray avulsion; 7 ND Stage 7, Na¬ 
tive Dog Ck; the future path of the Murray River. Points of interest: (a) meanders of Bullatale Ck underfit within larger 
meanders of the ancestral Green Gully channel; (b) Developing avulsion on the Murray; (c) Prior stream channel remnant. 
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and Nanson (1996) replaced these terms with ‘ag¬ 
grading’ and ‘migrational’ streams, however these 
characteristics are not diagnostic. 

We will now describe the sequential develop¬ 
ment of the Barmah-Millewa region, proposing six 
stages of development over the last 100,000 years or 
so (Fig. 4). The sequence described here builds on 
those described by Pels (1966), Bowler (1978, 
1986), Currey and Dole (1978), Currey (1983) and 
Rutherfurd (1990, 1994). The most recent dates have 
been proposed by Page et al. (1991). 

Stage I: Earliest prior stream/ancestral phase 

The Murray River followed multiple paths before the 
rise of the Cadcll Fault (Figs 3 and 4). Rutherfurd 
(1994) and Currey and Dole (1978) assumed that the 
earliest path of the Murray in the region was the most 
northerly. This former channel left the present path of 
the Murray at Tocumwal and now occupies the north¬ 
ern edge of the Barmah-Millewa fan, cutting into the 
slightly higher Shepparton Formation. Following the 
present path of Tuppal Creek, this channel then 
passed to the north of Deniliquin, joining the present 
Murray again at the Wakool Junction. It was assumed 
that this was the oldest channel because it had many 
classical characteristics of a prior stream: low sinuos¬ 
ity, levees, and well developed source bordering 
dunes. This channel looks very similar to the low-sin¬ 
uosity palaeo-channels on the Murrumbidgec River 
made famous by Schumm (1969). However, using 
thermoluminescencc techniques. Page et. al. (1991) 
dated this channel at 56,000 yrs BP. which is younger 
than the Green Gully channels that arc usually as¬ 
sumed to be the next path that the river took, which 
are dated at around 90,000 yrs BP. Thus, there is some 
doubt about the chronology of these streams. 

Stage 2: Green Gaily 

The Murray avulsed to the south-west from the 
Stage 1 channel, flowing past the present position of 
Tocumwal, then due cast to join the Goulburn River 
north of the present position of Eehuca (Fig. 3 and 
4). At present, this palaeo-channcl is called Aratul- 
lah Creek. Where this channel is preserved on the 
back of the Cadcll Fault block, the old channel is 
known as Green Gully. Bowler (1978) suggested 
that the Goulburn channel that joins with Green 
Gully was an extension of the large, meandering, 


Tallygaroopna complex of the Goulburn, that he 
dated to over 30,000 yrs BP using radiocarbon. 

Stage 2: Diversion by the Caclell Fault 

Harris (1939) described the truncation of the Mur¬ 
ray and Goulburn channels by the rise of the NS 
Cadcll Fault along an extension of the Heathcote- 
Colbinabbin Axis. T he palaeo-channels of the Mur¬ 
ray and Goulburn Rivers remain well preserved on 
the back of the fault block near Mathoura. Many ref¬ 
erences refer to "the downthrown side of the fault” 
to the east, yet there is little evidence of the relative 
movement of the fault. Accurate elevation data from 
LIDAR allow us to confirm the relative movement 
of the east and west sides of the fault (Fig. 5). The 
slopes of the floodplain suggest (a) a lower gradient 
section, 5-8 km wide, immediately to the east of the 
fault, and (b) a slight steepening of the floodplain 
from eight kilometers east to about 25 km to the cast 
of the fault. The steepening suggests some slight 
downthrow of the east side of the fault. Projecting 
the slopes in Fig. 5 indicates between two and three 
metres of downthrow over this 25 kilometre zone. 
The area oflower slope immediately next to the fault 
is very likely caused by deposition in the lakes that 
have formed adjacent to the fault, suggesting per¬ 
haps two metres of deposition at the particular tran¬ 
sect shown in Fig. 5. 

Currey (1983) suggests that immediately after 
the rise of the fault block, the area of the Barmah- 
Millewa Forest became a large swamp that extended 
upstream to Tocumwal. There is little evidence for 
this proposition. Instead the Murray appears to have 
diverted northward along the face of the fault (the 
present path of Warrick and Gulpa Creeks, and 
eventually the present Edward River), to pass around 
the northern end of the fault block near the present 
location of Deniliquin. The river diverted to the 
north because that is the general fall of the land 
(Fig. 2). Old Lake Barrnah did form to the east of 
the fault block, with dimensions of 20 km north- 
south and 6 km east-west. 

The date when the Cadcll Fault first began its 
activity has been inferred from the age of the stream 
channels that have obviously been truncated by the 
fault. Pels (1966), on the basis of his Coonantbidgal 
carbon date of 28,600 BP. suggested that the fault 
must have started its activity about 30,000 years 
ago. Similarly, from the age of the Tallygaroopna 
Channel on the Goulburn River, Bowler (1978) sug- 
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Fig. 4. Schematic diagram showing the six stages of the geomorphic development of the Barmah-Millewa region (note: 
the figures in brackets refer to the estimated ages of each stage. The upper number in the range refers to the radio carbon 
dates from Bowler (1978). The numbers in italics refer to thermo-luminescence dates from Page et al. (1991)). 
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gested a minimum age for the fault of about 25,000 
BP. This is further supported by the similar age of 
Lake Kanyapella, which formed in the fault-angle 
depression and has been dated at around 30,000 yrs 
BP by several TL dates (Page et al. 1991). 

More recently some doubt has been cast on this 
date for the fault movement. The TL dates of Page et 
al (1991) support the 30 to 35 ka BP date for the Tal- 
lygaroopna complex, but suggest much older dates 
for the Green Gully channels of between 65,000 and 
94,000 yrs BP. On the basis of this, and other TL 
dates. Page et al. suggest that the Cadell Fault must 
have been active much earlier than previously sug¬ 
gested. Thus, all we can say for certain at present is 
that the fault is older than about 25,000 yrs BP. 

Harris (1939) suggested that the fault developed 
progressively, or episodically, rather than in one 
step. Fifteen metres of displacement from a single 
earthquake is highly improbable (Bonilla et. al. 
1984) (Fig. 6) and it is much more likely that the 
fault moved in several small increments. Bowler’s 
(1978) description of the paired terraces in Green 
Gully supports this view. Further evidence for the 
gradual rise of the fault is the incision of the Edward 
River into a five metre deep trench adjacent to the 
northern edge of the fault block. Thus, we can imag¬ 
ine the Green Gully gradually incising as the fault 


rose, with the stream ponding to the east of the fault. 
Eventually the ponded water would have escaped to 
the north. 

To the south of the fault, the freshwater Lake 
Kanyapella formed. It is not entirely clear why it 
formed where it did, although Bowler (1978) de¬ 
scribes it forming in the “fault angle depression”. 
Page et al. (1991) suggest that Lake Kanyapella did 
not fill until about 30 ka after the uplift. One to 1.5 
m of sediment was deposited on the lake floor, and 
these sediments are clearly seen in the banks of the 
modern Murray River. Strong winds transported 
coarse sands from the NW shoreline to construct a 
large transverse dune ridge, the Barna Sandhill 
(Bowler 1986). The lake overflowed to the west into 
the downstream continuation of the Goulburn River. 
This channel eventually deepened the overflow and 
drained the lake. A channel with large meanders 
(Bowlers Kotupna phase) then incised into the dry 
lake floor probably before 15,000 BP. 

Stage 4: Bullatale Creek avulsion 

Some time between 25,000 yrs BP and about 10,000 
yrs BP, the Murray River avulsed from the Tullah 
Creek palaeo-channel (about 40 km upstream of 



Fig. 5. 100 km west-cast transect from the back edge of the Cadell Fault block to the west, to the upstream edge of the 

Barmah Forest at Tocumwal. Note the extreme vertical exaggeration of this section. Location of the section is shown on Fig. 1 
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Gulpa Creek), into a sinuous channel that is now oc¬ 
cupied by Bullatale Creek. During the same period. 
Lake Kanyapella was seasonally filled by the Goul- 
burn River, with seasonal winds forming the promi¬ 
nent lunette on its eastern shore. Old Barmah Lake 
was also full in this period, perhaps fed by overflow 
from the Gulpa Creek path of the Murray. Lunettes 
of up to 5 m formed. Barberis (1983 ) suggests that 
the lake would have had to be up to 2 m deep to form 
these lunettes. She also describes the deposits in the 
lake as consisting of silts and fine to medium sands, 
and surprisingly little clay. 

Stage 5: The Holocene Murray 


the more probable path, that was for the Murray to 
come up against the levees of Gulpa Creek, and so 
divert north into the present path of the Edward 
River. There are no direct dates for this avulsion, but 
it is likely to have occurred around the start of the 
Holocene, based on a carbon date of the Goulburn 
River. The channel that avulscd at this time was very 
unlike earlier phases of the river. The river was nar¬ 
row, with high proportions of sill and clay, and 
poorly developed point bars. 

Around this time, both Lake Kanyapella and Old 
Barmah Lake were probably drying out, to be re¬ 
placed by smaller, inset lakes: Little Kanyapella and 
the smaller Barmah Lake. These smaller lakes de¬ 
veloped small lunettes of their own. 


The next avulsion of the Murray left the Bullatale 
Creek course about 8 km downstream of the modern 
position ofTocumwal, and flowed south west. Both 
Pels (1966) and Bowler (1978) suggest that this 
avulsion formed the modern Murray that led to the 
south. Currcy (1983), on the other hand, suggests 


Stage 6: the Holocene/Madern Murray 

The final, and most enigmatic, avulsion of the Mur¬ 
ray was to the south from Picnic Point at the Edward 
River offtake (Figs 3 and 4). The river cut through 
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the lunette of Old Lake Barmah, across the flat 
floors of Lake Barmah and Lake Moira, through the 
8 to 10 m high southern end of the Kanyapclla 
lunette, to join the Goulburn River on the floor of 
Lake Kanyapclla. From a single radiocarbon date. 
Bowler (1978) dated this southerly channel to about 
9,000 yrs BP. However, this dale is more likely to 
provide a date for the Murray-Edward channel 
rather than the most recent path of the river. All we 
can say is that the most recent avulsion is less than 
about 9,000 years old. 

As discussed below, this most recent path of the 
Murray is unusually straight, with poorly developed 
point bars. This Murray channel has deposited a dig¬ 
itate delta (or silt-jetty) across the floor of Young 
Barmah Lake, cutting the lake in half, with Moira 
Lake being to the west and Barmah Lake to the east. 

To summarise, studies of the Barmah-Millewa 
region have led investigators to propose various 
avulsions and paths followed by the Murray and 
Goulburn Rivers. In reviewing that literature, we 
propose six major changes in the position of the 
Murray River over perhaps 60,000 years, and cer¬ 
tainly over 30,000 years (Fig. 4). Four of these avul¬ 
sions occurred after the rise of the Cadcll Fault 
block. Each of these channels has had different plan- 
form, and channel dimensions, associated with both 
climate change and with the intrinsic sequence of 
channel changes associated with the avulsions them¬ 
selves. Clearly, channel avulsion is the key mecha¬ 
nism driving the geomorphology of the 
Barmah-Millewa region. We now discuss the avul¬ 
sion mechanisms in more detail. 


AVULSION MECHANISMS IN THE 
BARMAH-MILLEWA 

Some people have described the Barmah-Millewa 
forest as a swampy area formed behind the fault 
block. Other authors describe the Cadell Fault “de¬ 
feating” the Murray River (Harris 1939) or “placing 
an obstacle across the river’s path”, or “diverting” 
the river(Bowlcr 1978: Currey 1978). None of these 
descriptions really capture the key mechanisms that 
arc driving the morphology of the Barmah-Millewa 
area, which is about the geomorphic mechanisms 
that forced the river to occupy new courses. 

The first point is that there is no a priori reason 
why the fault should have “defeated” the river. As 
discussed above, the fault probably rose in steps of a 
metre or less, and the Green Gully palaeo-river was 


clearly able to incise and keep-up with the rate of 
height increase. The reason for this incision was that 
the slope of the channel was increasing as the fault 
block rose, enabling the river to cut into its bed. The 
eventual defeat of the river was almost certainly 
linked to the late-Pleistocene decline in the dis¬ 
charge of the Murray and Goulburn rivers, described 
by Bowler (1978). Despite the increase in bed-slope, 
the decline in discharge meant that the river was no 
longer capable of incising its bed. 

The general template for the Barmah-Millewa 
Forest existed before the rise of the Cadell Fault 
block. The confined floodplain of the Ancestral 
Murray at Tocumwal already existed before the 
fault, and a series of channels spread out from that 
point. Thus, we cannot argue that all of the avulsions 
relate to the effect of the fault. However, the fault 
did produce a perfect situation for the development 
of avulsions in this environment, as we will now 
discuss. 

Recent research into the mechanisms of channel 
avulsion (Judd et al. 2004) has demonstrated that the 
two essential features required for an avulsion to 
occur are (a) water spilling out of one channel onto 
a floodplain, and (b) a steep hydraulic (i.e. energy) 
slope where that water re-enters a second channel. 
The basic hydraulic mechanism that drives the avul¬ 
sion is the hydraulic slope al the downstream re¬ 
entry point. Thus, avulsions develop from 
downstream up, following the path of highest flood 
flow velocity across the floodplain. Contrary to pop¬ 
ular opinion, the stream does not flow over a levee 
and cut a new channel across the floodplain. Such 
‘crevassing’ usually produces short effluent chan¬ 
nels that spread-out rather than incising. The rise of 
the Cadell Fault produced a perfect situation for 
avulsions to develop, because it encouraged over¬ 
bank flows, and because it produced channels at 
right-angles to the floodplain flow. 

The fault encouraged overbank flows by con¬ 
verting confined floodplains into unconfined, verti¬ 
cally accreting channels. Consider the Stage 2, 
Green Gully system (that follows the present path of 
Cornulla Creek). As the fault block rose, the Green 
Gully system incised into the back of the fault block, 
and the eastern channel began to pond. The ponding 
produced a hydraulic backwater effect that, in this 
low slope environment, extended upstream for tens 
of kilometers. A contemporary example of a similar 
process is the backwater effect of the Torrumbarry 
Weir on the Murray. The backwater from this weir 
affects flow and overbank flooding, for 80 km 
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upstream, to Echuca. The change in confinement 
caused by the backwater of the Cadell Fault changed 
the Murray from a laterally accreting meandering 
system above Tocumwal. to a vertically accreting 
system below Tocumwal. This is evidenced by the 
absence of a significant number of billabongs, 
oxbow lakes and meander swales on the Barmah Fan 
(Rutherfurd 1994). 

The result of the backwater was that the Green 
Gully ancestral stream began to deposit levees, 
which is an indication of increased overbank flood 
frequency. The alluvial ridge from this flooding is 
now 2 m high along the Cornulla Creek (Fig. 7). The 
more frequent overbank flows from the Green Gully 
channel travelled westward to join the Gulpa Creek 
path of the river, that was flowing northward around 
the fault block. Where floods strike a channel at right 
angles, it is a perfect hydraulic situation to develop a 
steep energy slope into the channel, producing scour 
that will cut back up from the re-entry point. 

Once the cycle of avulsions is started, they are 
self-perpetuating (Schumm et al. 1996) with the 
next avulsion occupying the low area between the 
levees of past channels. This explains the present 
path of the Edward River, as it runs northward, par¬ 
allel with the levee of Gulpa Creek. 

All of the avulsions of the Murray River since 
the rise of the Cadell Fault can be readily explained 
by the avulsion model described above, with the ex¬ 
ception of the most recent avulsion. After several 
millennia of flowing to the north of the fault block, 
the river, about 9,000 year ago, avulsed to the south, 


from Picnic Point. This avulsion is a surprise be¬ 
cause (a) it developed from the present path of the 
Edward River, which does not have a well developed 
levee; (b) It docs not appear that the avulsion chan¬ 
nel followed a ‘hydraulically connected’ path. That 
is, assuming that the avulsion progressed upstream 
from the Goulburn River, it had to pass upstream 
through the 8-10 m high lunette of Lake Kanyapella, 
then cut across the flat floor of Old Barmah Lake, 
through the 5m lunette of Old Barmah Lake, and 
thence up to the Murray, (c) The general slope of the 
land in this area is toward the north, which would 
argue against major flood flows passing to the south 
from Picnic Point. 

We cannot explain this avulsion at present, but it 
is worth recording a story described by Dr Wayne 
Atkinson about the Yorta Yorta people (Atkinson, 
this issue). The story goes that the Barmah-Millewa 
Forest was Hooded so that only the tops of the sand- 
dunes were above the flood-waters. The Yorta Yorta 
people sheltered on the top of the Bama Sandhill 
(the Kanyapella lunette), and waited for the water to 
go down so that they could find food again. But the 
flood stayed up for many weeks. They decided to cut 
a channel through the lunette and let the water out. 
This they did with digging sticks. Not only did the 
water run out. but it cut a new channel that diverted 
the river to the south. Although there arc some hy¬ 
draulic problems with developing a channel in this 
way, this story deserves some detailed investigation. 
It is certainly an interesting explanation for an enig¬ 
matic avulsion. 



Distance (m) 

Fig. 7. North-south cross-section through the Barmah-Millewa region (along longitude 145° 10’) (location of section 
shown on Fig. 1). Key: M = present position of the Murray River; C = Cornulla Ck, path of the Green Gully ancestral 
channel; B = Bullatale Ck, the Stage 4 ancestral path (note the prominent natural levees); ND = Native Dog Ck (future 
path of the Murray River); T = Tuppal Ck, path of Stage 1 channel. 
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Finally, it is possible to predict where the next 
avulsion of the Murray will take place. Given the 
relative elevations of the floodplain, the next path is 
almost certain to again return the river to its north¬ 
ern path. The avulsion is already developing along 
the present course of Native Dog Creek, about 5 km 
downstream of Toeumwal. The floodplain of this 
channel is nearly four metres lower than the alluvial 
ridge formed by former channels (Fig. 7). We do 
not know how fast the Native Dog Creek is devel¬ 
oping, but the head of the creek is less than two 
kilometres from the Murray River. We would expect 
the avulsion to develop rapidly once it joins to the 
Murray, perhaps developing over centuries. If one 
accepts the pre-Page et al. (1991) dates for the 
Cadell Fault, then there has been a major avulsion 
of the Murray every 4,000 to 5,000 years. The char¬ 
acter and discharge of the river has altered greatly 
over that time, so we cannot assume that this fre¬ 
quency should continue. 

MODERN MORPHOLOGY AND HYDROLOGY 
OF THE BARMAH-MILLEWA FOREST 

The morphology of the Murray and Goulburn 
Rivers, and their myriad palaeo-channels and 
anabranches, control the hydrology of the Barmah- 
Millcwa forest. This was well described by Currey 
and Dole (1978), by dividing the river into three 
tracts. We expand on their description here with 
some data on channel dimensions taken from Gippel 
and Lucas (2002). 

Corowa to Bullatale Ck offtake 

There is a dramatic contrast between the Corowa- 
Tocumwal reach, which has a narrow, confined 
floodplain 3 km in width; and the unconfined, lev¬ 
eed channels of the Barmah-Millcwa Fan. Between 
Corowa and Toeumwal, the river has bankfull widths 
of 90 to 210 m, with a median of 130 m, and bank- 
full depths of 5.5 to 10 m with a median of 7 m. The 
active floodplain is approximately 7 m below the 
Riverine Plain. One of the most prominent features 
in this reach is the sandy beaches on the point bars. 
The whole discharge of a major Murray flood passes 
virtually unattentuated along this reach (Currey & 
Dole 1978). 


Bullatale Creek to Picnic Point 

This reach is delineated by the change in flood hy¬ 
drology occurring at the offtakes to Tuppal and Bul- 
latalc Creeks at the upstream end, and the Edward 
River anabranch offtake at the downstream end. The 
morphology of the Murray River changes dramati¬ 
cally when the river enters the Barmah Forest tract 
(as defined by Currey & Dole 1978), with the most 
prominent change being the decrease in sinuosity, 
and the absence of the large bends with their sandy 
point bars that are common upstream. Natural lev¬ 
ees, comprised of silty-clay, are generally present on 
both banks, sometimes in excess of I m higher than 
the surrounding floodplain. Bankfull width is 50 to 
160 m, with a median of 85 m; bankfull depth is 3.3 
to 8 m, median 5 m. 

Channel capacity decreases from around 25,000 
ML/d at Toeumwal, to around 8,500 ML/d at Picnic 
Point. Many effluents leave the Murray to feed 
networks of anabranching channels. Most of the 
flow passes north into the Edward River system, but 
some, such as Gulf Creek (Fig. 8). pass water to the 
SW via a web of anabranching channels that returns 
to the Murray River downstream of Picnic Point. 
These flows are hemmed in to the south by the nat¬ 
ural levees of Broken Creek, which is an ancestral 
path of the Goulburn River, file freeboard for sum¬ 
mer regulated flow level decreases from 4 m to 0.1 
m below lop of bank in the Picnic Point area (Fig. 9). 
The lunettes and natural levees on the Murray in the 
Barmah reach form a natural choke, or flow con¬ 
striction, known as the Barmah Choke. Although 
this whole reach gradually decreases in capacity 
downstream (Fig. 9), the narrow and constricted 
reach of channel from just upstream of Picnic Point 
to Barmah, is specifically labelled as “The Barmah 
Choke”. 

Flood flows through the Barmah Choke are 
greatly attenuated by the large storage capacity of 
the forest. As flow in the channel approaches bank- 
full, flow is diverted into effluents (Fig. 8), and so 
into the Edward-Wakool system, or into the Barmah 
forest. As shown by Currey and Dole (1978), during 
the flood of 1975, 55% of the total discharge pass¬ 
ing Toeumwal overflowed into the Edward-Wakool 
system. Even during very large floods, when chan¬ 
nel capacity is exceeded, peak flow through the 
Barmah area of the river does not exceed 30,000- 
35,000 ML/d, even though flows at Toeumwal may 
exceed 200,000 ML/d (Currey and Dole 1978) 
(Fig. 10). Oil sonic occasions, flood flows from the 
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Fig. X. A maze of anabranching channels (Gulf Creek) fed by an effluent at Yiclima Bend, halfway between the Bul- 
latale and Edward effluents. Note the regulator across the mouth of the effluent. This is known as the ‘Gulf’ Regulator. 
(1 m LIDAR grid data). 


Goulburn and Campaspe Rivers have been suffi¬ 
cient to force Murray waters to back up, and iti the 
vicinity of Barmah to reverse the normal flow direc¬ 
tion (Currey and Dole 1978). Broughton (1966) de¬ 
scribes how, in the great flood of 1870, the Hood in 
the Loddon River was sufficient to back up the Mur¬ 
ray. Logs floated out of the Loddon River, upstream 
for 100 km, into Thule Creek, and thence into the 
Edward, finally returning to the Murray at the Mur- 
rumbidgee Junction. 

Picnic Point to Hama Sandhill 

Channel capacity in this reach increases down¬ 
stream from around 8,500 ML/d at Picnic Point to a 
major flood capacity of 35,000 ML/d maximum at 
the lower end. Freeboard increases dramatically 
from around I m to 4 m above summer regulated 
flow level (Fig. 9). The dimensions of the channel 
increase because all effluent flows moving through 
the forest re-enter the Murray in this reach. 


The river has low sinuosity, and meanders are ir¬ 
regular and generally low angle and low amplitude. 
Channel width and depth increase downstream; 
bankfull width ranges 38 to 210 in. with a median of 
65 m, and bankfull depth ranges 4 to 10 m, with a 
median of 5 m. 


Bama Sandhill to Goulburn River Confluence 

In this reach the river leaves Currey and Dole’s 
Barmah Forest Tract to join the Ancestral Goulburn 
Tract. The river through this reach has low sinuosity 
and is cut through the bed of the former Lake 
Kanyapella. The meanders have short wavelengths 
and low amplitude. Nearing the Goulburn River, the 
Murray River channel adopts a much more sinuous 
plan form as it crosses onto the sandy sediments of 
the ancestral Kotupna channel of the Goulburn. 
Channel size is relatively constant, with bankfull 
width of 80 to 90 m with a median of 90 m. Bank- 
full depth is 7 to 9 m. Mud drapes arc prevalent on 
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River chainage (km) 



River chainage (km) 


Dimensions of the Murray River from Yarrawonga to Ecluica (From surveys by Gippel and Lucas 2002). 


Fig. 9. 

all banks over in situ silty-clays. There is a distinct 
sedimentary boundary approximately 2 m from the 
top of the bank (the bed of Lake Kanyapella). Small 
low level sandy point bars reappear in the channel in 
this reach. 

A footnote to this gcomorphic history is that 
Harris (1939) named the Cadell Fault after Francis 
Cadell, the paddle-boat captain who won the famous 
race up the Murray River in 1853. The purpose of 
the race was to encourage development of the Mur¬ 
ray as a navigation route. Captain Cadell then spent 
much of his career removing snags from the Murray 
and its anabranches to allow boats to navigate these 
small and tortuous channels. Ironically, it was the 
action of Cadcll’s namesake fault that forced the 
larger paddle-boats to terminate their journeys at 


Echuca, because the Bartnah Choke was too small to 
allow passage further upstream. 

HISTORICAL GEOMORPHIC CHANGES 

Holocene geomot phic changes have been modest 
due to low discharges and a resistant channel bound¬ 
ary. Point bars arc confined, and tend to migrate 
strongly downstream. Complex effluent channels 
arc developing on the floodplain (Fig. 8). 

There have been two measurable changes to ge- 
omorphic processes since European settlement: in¬ 
creased floodplain sedimentation rates, and 
increased bank erosion rates. Rates of vertical ac¬ 
cretion of the floodplain have been estimated from 
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Fig. 10. Daily discharge record for Picnic Point (Barmah Choke) and Tocumwal. 


the first appearance of exotic pollen (Kenyon & 
Rutherfurd 1999; Kenyon 2001). A historical flood¬ 
plain deposition rate of 7 mm/10 years compared 
with assumed long-term background rates of 3 
mm/10 yrs. While this rate is low, it still suggests a 
doubling of the floodplain sedimentation rate since 
European settlement. 

The other major historical channel change is 
widening, as reported by Rutherfurd (1992) and 
Gippcl and Lucas (2002). From Yarrawonga to Bul- 
latale Creek, between 1876 and 1981, the Murray 
widened at bankfull level by an average of about 30 
to 40 m. Through the Barmah Forest (from the Bul- 
latale Creek offtake through to the Goulburn River 
junction) the river has widened much less, by about 
3 to 15 m (Fig. 11). The cause of the widening ap¬ 
pears to be related to the maintenance of long dura¬ 
tion flows through the irrigation season, worsened 
by boat wash, and degradation of once extensive 
Phragmites beds. Along much of the river one can 
see benches cut into the banks at the level of the reg¬ 
ulated flow. Rutherfurd (1992) reported the tread of 
the benches as usually being 2 to 3 m wide, but after 
the regulated flow level was lowered in April 2002, 
Gippel and Lucas (2002) observed exposed benches 
up to 20 m wide. 

Since the 1960s there have been attempts to in¬ 
crease the capacity of the Barmah Choke because it 


represents a serious limit on the amount of irrigation 
water that can be delivered along the Murray to the 
irrigation areas west of Echuca (see Ladson & 
Chong this issue). The main activity has been re¬ 
moving timber from the stream (desnagging). For 
example, from 1982 to 1984, 605 snags were re¬ 
moved and 4,548 willows were lopped (River Mur¬ 
ray Commission 1984). The effect of this work on 
channel capacity has been debated, but an exhaus¬ 
tive review by Gippcl and Lucas (2002) suggests 
that bankfull How capacity through the Choke may 
have increased by 5 to 10 %. 

CONCLUSIONS 

There is a reason why the Barmah-Millewa forest is 
a popular destination for geomorphology field trips, 
and why it has excited the curiosity of two genera¬ 
tions of earth scientists. In one triangle of land is en¬ 
capsulated the complex interactions of climate and 
tectonics on channel form, and so on hydrology, 
with the forest being the biological result. 

Despite 65 years of study, the complex geomor¬ 
phology of the Barmah-Millewa region still has 
some unresolved questions. Here are some of them: 
1. The absolute ages of the Cadell Fault and of 
the various ancestral channels. The consistent 
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River chainage (km) 


Fig. 11. Historical width change of the River Murray at symmetrical cross-sections, Yarrawonga to Eclntca, from three 
surveys. 1 lie 2002 survey was conducted by Dr Chris Gippell and reported in Gippel and Lucas (2002). The crosses show 
the change (in metres) between the 1876 survey widths and the two later surveys. Cross-sections were considered to co¬ 
incide it they were within 600 m chainage, but even this liberal interpretation produced only a small number of coincident 
cross-sections for comparison of the 2002 survey with earlier surveys. 


chronology of Bowler (1978) and others has been 
complicated by the thennoluminescence dates of 
Page and his colleagues. These dates have tended to 
confirm that Pels' neat distinction between the prior 
streams (before the Cadcll Fault) and the ancestral 
streams (after the fault) is not so simple. There is 
little doubt that some of the channels were 
contemporaneous. 

2. Did the Cadcll Fault rise gradually or 
episodically? Recent measurements are suggesting 
that the fault may still be active (Dan Clark, Geo¬ 
science Australia, personal communication). 

3. The actual mechanisms and processes of 
channel avulsion require more work, particularly the 
interactions between tectonics and avulsion. Proba¬ 
bly the most interesting mystery is what triggered 
the southward avulsion of the Murray at Picnic 
Point. As discussed above, this avulsion appears 
highly improbable. The avulsion had to develop 
from the downstream end, and the channel would 
have to have cut through the almost level floor of 
Lake Kanyapclla, through the 8 to 10 m high Bama 
Sandhill, across the flat floor of Old Barmah Lake, 


and finally through a 4 to 5 m lunette. And all of this 
occurred against the regional slope of the land. 

The Barmah-Millewa forest exists because of 
the limited hydraulic capacity of the present channel 
of the Murray River. The result is that flood flows 
leave the Murray and spread through the forest via a 
complex network of effluents. The extent and posi¬ 
tion of those effluents is, in turn, controlled by the 
fan of palaeo-levees associated with late Quaternary 
channels of larger size, and coarser load. The mor¬ 
phology of the Barmah-Millewa fan is thus, indi¬ 
rectly a product of the rise of the Cadcll Fault block, 
but directly the result of a sequence of channel avul¬ 
sions. In a few thousand years the river will make its 
next avulsion, this time returning to its more natural, 
northerly, path along the Edward River, to the north 
of the Cadcll Fault block. In this light, the present 
path of the Murray, via Eclntca, could be described 
as a short-term southern excursion for Australia’s 
iconic river. 









38 


IAN D. RUTHERFURD & CHRISTINE KENYON 


ACKNOWLEDGEMENTS 

We would like to thank the following people for as¬ 
sistance with this paper: Professor Jim Bowler and 
Associate Professor Brian Finlayson for helpful re¬ 
views; Dr Geoff Lacey and Dr Tony Ladson for en¬ 
couragement to write this paper; the Murray-Darling 
Basin Commission for providing the flow data and 
the LIDAR data for the region; Dr Andrew Mc- 
Cowan (Water Technology) for assistance with the 
LIDAR data; Dr Payam Ghadirian for technical help 
with the images; and Dr Chris Gippel for providing 
data from his laborious channel surveys. 

REFERENCES 

Barberis, C., 1983. The Geology and Geomorphol¬ 
ogy of the Barmah State Forest. BSc Hon¬ 
ours project report. Dept, of Geology, 
University of Melbourne. 

Bonilla, M.G., Mark, R.K. & Lienkaemper, J.J., 
1984. Statistical relations among earth¬ 
quake magnitude, surface rupture length, 
and surface fault displacement. U.S. Geo¬ 
logical Survey Open-File Report No. 84- 
256. 

Bowler, J.M., 1978. Quaternary climate and tecton¬ 
ics in the evolution of the Riverine Plain, 
south eastern Australia. In Landform evo¬ 
lution in Australasia, M.A.J. Williams, ed., 
ANU Press, Canberra, 70-112. 

Bowler, J.M., 1986. Quaternary landform evolu¬ 
tion, In Australia, a geography, vol. 1; The 
natural environment, 2nd edn., D.N. Jeans, 
ed., Sydney University Press, 117-147. 
Bowler, J.M. & Harford. L.B., 1966. Quaternary 
tectonics and the evolution of the Riverine 
Plains near Echuca. Journal of the Geo¬ 
logical Society of Australia 13: 339-354. 
Broughton, G.W., 1966. Men of the Murray: A sur¬ 
veyor's story. Rigby Limited, Adelaide. 
Butler, B.E., 1950. A theory of prior streams as a 
causal factor of soil occurence in the 
Riverine Plain of south-eastern Australia. 
Australian Journal of Science 1: 231-252. 
Butler, B.E., 1958. Depositional systems of the 
Riverine Plains of SE Australia in relation 
to soils, CSIRO Soils Publication no. 10. 
Currey, D.T. 1978. Gcomorphology of the Barmah- 
Millewa Forests environment. In The hy¬ 
drogeology of the Riverine plain of south 


east Australia, R.R. Storrier & I.D. Kelly, 
eds, Australian Society of Soil Science, 
Riverina Branch, Wagga Wagga, N.S.W. 

Currey, D.T., 1983. Geomorphology of the Barmah- 
Millewa Forests environment. State Rivers 
and Water Supply Commission, 10 pp. 

Currey, D.T. & DOLE, D.J., 1978. River Murray 
flood low patterns and geomorphic tracts. 
Proceedings of Royal Society of Victoria 
90: 67-77. 

Dexter, B.D., 1978. Silviculture of the river red gum 
forests of the Central Murray floodplain. 
Proceedings of the Royal Society of Victo¬ 
ria. 90: 175-191. 

Gippel, C.J. & Lucas R.. 2002. Review of fluvial ge¬ 
omorphology and recent environmental 
changes on the Murray River. Report to the 
Goulburn Broken CMA contributing to the 
River Murray Action Plan Yarrawonga- 
Echuca Reach, Shepparton, Victoria. 

Harris, W.J., 1939. The Physiography of the Echuca 
District. Proceedings of the Royal Society 
of Victoria 51(1): 45-54. 

Judd, D., Keller, B.. Rutiierfurd, I. &Tilleard, J., 
2004. The initiation of avulsions. In Pro¬ 
ceedings of the Fourth Australian Stream 
Management Conference, Launceston, 
Tasmanian, Department of Primary Indus¬ 
tries. 

Kenyon, C., 2001. Palaeoecological evidence for his¬ 
torical floodplain responses to river regula¬ 
tion: Barmah Forest, south-eastern 
Australia. In Third Australian Stream 
Management Conference: The Value of 
Healthy Streams, Brisbane, Australia, 27- 
29 August, 2001, Co-operative Research 
Centre for Catchment Hydrology, 355-360. 

Kenyon, C. & Rutiierfurd, I.. 1999. Preliminary ev¬ 
idence for pollen as an indicator of recent 
floodplain accumulation rates and vegeta¬ 
tion changes: The Barmah-Millewa Forest, 
SE Australia. Environmental Management 
24(3): 359-367. 

Lawrence, C.R., 1988. The Quaternary: Murray 
Basin. In Geology of Victoria, ch. 9, J.G. 
Douglas & J.A. Ferguson, eds. Geological 
Society of Australia, Melbourne, 352-363. 

Page, K.J., Nanson, G.C. & Price, D.M., 1991. Ther¬ 
moluminescence chronology of late Qua¬ 
ternary' deposition on the riverine plain of 
south-eastern Australia. Australian Geog¬ 
rapher 22: 14-23. 


GEOMORPHOLOGY OF THE BARMAH-MILLEWA FOREST 


39 


Page, K. & Nanson, G„ 1996. Stratigraphic architec¬ 
ture resulting from late Quaternary evolu¬ 
tion of the riverine plain, south-eastern 
Australia. Sedimentology 43: 927-945. 

Pels, S., 1964. The present and ancestral Murray 
River system. Australian Geographical 
Studies 2: 111-119. 

Pels, S., 1966. Late Quaternary chronology of the 
Riverine Plain of southeastern Australia. 
Journal of Geological Society of Australia 
13(1): 27-40. 

River Murray Commission, 1984. 1983/84 Annual 
Report. Canberra. 

Rutherford, I., 1990. Ancient river, young nation. In 
The Murray, N. Mackay & D. Eastman, 
eds, Murray-Darling Basin Commission, 
Canberra, 17-36. 

Rutherfurd, I., 1992. Channel form and stability in 
the Murray River system: A large, low en¬ 
ergy river system in southern eastern Aus¬ 
tralia. PhD thesis, Department of 


Geography and Environmental Science, 
Monash University. Clayton, Australia. 

Rutherfurd, I., 1994. Inherited controls on the form 
of a large, low-energy river: The Murray 
River, Australia. In The variability of large 
alluvial rivers , S.A. Schumm & B.R. 
Winklcy, eds, American Society of Civil 
Engineers, New York, 177-200. 

Schumm, S.A., 1969. River adjustment to altered hy¬ 
drologic regimen: Murrumbidgce River 
and palaeo-channcls, Australia. U.S. Geo¬ 
logical Survey Professional Paper 598. 

Schumm, S.A., Erskine, W.D., & Tilleard, J. 1996. 

Morphology, hydrology and evolution of 
the anastomosing Ovens and King Rivers, 
Victoria, Australia. Geological Society of 
America Bulletin 108(10): 1212-24. 

Sturt, N.G., 1899. Life of Charles Sturt sometime 
Captain 39th Regiment and Australian ex¬ 
plorer. Smith Elder and Co, London. 



VEGETATION, FIRE AND ABORIGINAL IMPACT ON THE MID- 
HOLOCENE MOIRA MARSHES, NEW SOUTH WALES, AUSTRALIA 

Christine E. Kenyon 

School of Anthropology, Geography and Environmental Studies, University of Melbourne, Parkville, 
Victoria (email: kenyonce@unimelb.cdu.au) 

KENYON, C.E.. 2005. Vegetation, Eire and Aboriginal Impact on the Mid-llolocene Moira Marshes, 

New South Wales, Australia. Proceedings of the Royal Society of Victoria 117(1): 41-59. 

ISSN 0034-9211. 

Analysis of palynological and sedimentological data from floodplain and lake sediments 2-5 m below 
the modern surface of the Moira Marshes enabled reconstruction of the vegetation, fire history and river 
activity and assessment of the role of climate and people on this landscape. Saturated floodplain conditions 
existed until -4,000 years I3P. A lake then formed and the Murray River increasingly influenced the site, 
dominating floodplain hydrology and local vegetation. On the Riverine Plains were Casuarinaceae/Eura- 
lyptus semi-arid open woodlands, and extensive areas of saltbush shrubland. Increasing regional aridity cul¬ 
minated in soil salinization. At higher elevations temperatures were lower, and effective precipitation 
higher, than today. Wetland vegetation expanded as the lake infilled and floodplain swamplands developed, 
enabling the establishment of the modem Eucalyptus camaldulensus forest 3,000 to 2,000 years ago. Re¬ 
gional fires were initially infrequent but as wetland resources developed local fire frequency increased al¬ 
tering the vegetation structure and composition. This change is best related to people utilizing a now 
resource-rich landscape from -4,000 years ago. Occupation was partially controlled by environmental vari¬ 
ability; but land-management by fire created and maintained important woodland resources. 

Key words: Moira Marshes. mid-Holocene, vegetation, fire, climate, human impact. 


THE Barmah-Millewa Forest and Moira Marshes 
are significant wetlands protected under the 1974 
JAMBA, 1986 CAMBA and RAMSAR agreements. 
In 2002 the River Red Gum Forests were given 
iconic status under the Murray-Darling Basin Com¬ 
mission ‘Living Murray Initiative' as an important 
and enduring vegetation type (MDBC 2002). De¬ 
spite these initiatives vve know very little of the 
Holocene Murray River environment or when these 
forests were established. 

The history and characteristics of the Quater¬ 
nary palaco-channels of the Riverine Plains are 
well-studied and have been related to pluvial and 
arid climatic cycles (Bowler and Harford 1963; 
Schumm 1969; Page et al. 1991; Ogden et al. 2001) 
but, the vegetation history and the roles of climate, 
fire and people in shaping this landscape is largely 
unknown. Information on vegetation dynamics and 
landscape processes can only be derived from 
palaeoecological records in which increased char¬ 
coal concentrations arc often attributed to anthro¬ 
pogenic activity on a regional scale (Singh and 
Geissler 1985; Kershaw 1986). Different spatial 
scales of analysis are required to identify localised 
human activities from those used to reconstruct re¬ 
gional landscape dynamics associated with chang¬ 


ing climate (Jacobson and Bradshaw 1981; Birks 
and Birks 1988). Small-scale cultural activity is dif¬ 
ficult to identify in Australian records, not only be¬ 
cause of the long period of low intensity human 
occupation but also because of long-term climatic 
variability that has dominated vegetation change. 

I lowever, the use of specific indicator species or the 
ecology of plants present in the pollen record can 
help determine whether the direction of change is 
climate-dominated or one maintained by people. 

People have been an integral part of the Murray 
River landscape for at least 18,000 years (Thome and 
Macumbcr 1972; Pardoc 1998; Stone and Cupper 
2003) where abundant resources along the river and 
in its hinterland supported a large population (Bon- 
homme 1990; Pardoc 1994). Shell mounds, middens, 
large ovens, scar trees and burials in the Barmah- 
Millewa region record 3,000 years of occupation by 
a large population comprising three tribal groups re¬ 
lated by language: Joti Joti (Yota Yota), Kwat Kwat 
and Pangerang (Curr 1883; Bonhomme 1990; Clark 
1990). Historical accounts indicate the population 
had declined considerably just before the arrival of 
Europeans in the region (Curr 1883; Sturt 1899). 

In this study sedimentological, palynological 
and charcoal evidence from floodplain and lake 
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sediments from the Moira Marshes, New South 
Wales, have been used to investigate the mid-to-late- 
Holocene regional and local vegetation, changing 
fire regimes and river dynamics. The impacts of cli¬ 
mate and people on the landscape of the Moira 
Marshes are also assessed. 


SITE DESCRIPTION 

Location 

From Tocumwal to Echuca the Murray River flood- 
plain is several kilometres wide, and flat with a 
slope of 1:50,000 (Fig. 1A) whilst the presence of 
numerous palaeo-channels attest to changing Qua¬ 
ternary fluvial activity (Currey and Dole 1978). Ex¬ 
tending for 60 km between Dcniliquin and Echuca 
is The Cadell Fault; a 14 m high west-sloping es¬ 
carpment. Movement along this fault disrupted the 
drainage system across the region and has, since 
then, controlled the hydrology and ecology of the 


region (Rutherfurd 1990). The Barmah-Millewa 
River Red Gum and wetland complex have formed 
on the deltaic eastern side of the fault between 
Tocumwal, Denilquin and Echuca. Across this re¬ 
gion many anabranching distributary creeks leave 
the Murray River and dissipate on the floodplain as 
shallow lakes and wetlands. They return flood wa- 
ters to the Murray River to the south, via the 
Barmah and Moira Lakes, and to the north via the 
Edward River and the Gulpa and Bullatale Creeks 
(Bren 1988; Lawrence 1988). At Picnic Point the 
Murray River turns south and flows along the low 
eastern edge of the Cadell Tilt-block through a nar¬ 
row and relatively straight reach called ‘The Choke' 
(Harris 1938). 

The Barmah and Millcwa Forest and wetland 
landscape (part of which is shown in Fig. IB) is a 
complex of lacustrine, modern and palaeo- stream 
channels, aeolian lunettes, river margin source bor¬ 
dering dunes and deltaic features (Harris 1938; 
Bowler and Harford 1966). The chronology and the 
hydrological and climatic controls on these land- 



Fig. I A. Regional map showing the location of sites mentioned in the text and the placement of pollen traps within 
Barmah Forest (*). Inset is area covered by IB. 1. Picnic point; 2. Moira Marshes; 3. Barmah Sand Hill 
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Fig. IB. Map of Moira Marshes and the location of the 
study site. Map adapted from the MDBC' LIDAR DEM 
data at 10 m spatial resolution. 

scape features are poorly understood. The floodplain 
is composed of silty-clays with lenses of sand, pre¬ 
sumably related to anabranching channels. The 
Moira Marshes are part of this forest and wetland 
system (Figs. IA & B) occupying 1,500 ha between 
the Cadell Tilt Block and (he ‘Barmah Choke’ (Har¬ 
ris 1938; Currey 1978). The study site is adjacent to 
the Murray River at the southern margin of the mod¬ 
ern Moira Lake that occupies the floor of a larger 
palaeo-lake (Fig.IB). The Murray River has built a 
digitate delta along this section of the channel (Bren 
1988). 

Chronology of floodplain evolution. Harris 
(1938) believed there have been several periods of 
movement on the Cadell Fault and recent dating by 
Page and Nanson (1991) suggests movement began 
approximately 60.000 years ago. It is generally 
agreed that movement disrupted the previously 
westward flowing Murray River between 30,000 and 
20,000 years ago and has left numerous abandoned 
sections of palaeo-river channels of different ages 
on the landscape. I he issue of the early movement 
on the fault and the timing of any subsequent move¬ 
ment still needs to be resolved. 


The disruption to the Murray River channel re¬ 
sulted in a diversion of the Murray River round the 
northern end of the fault via Gulpa Creek and, at the 
southern end Lake Kanyapella formed. A lake also 
formed on the low, upstream side of the fault. The 
strandline for this lake can be seen in Fig. IB ex¬ 
tending north from Buck’s Sandhill and crossing the 
Murray River at Picnic Point (Currey and Dole 
1978). Some time between 20.000 and 13,000 years 
ago the river broke through the Lake Kanyapella 
lunette (Barmah Sandhill), eventually draining the 
lake (Bowler and Harford 1966). Eventually, the 
Murray River breached the lunette at Picnic Point 
and flowed south across the Moira Lake floor build¬ 
ing a digitate delta of clay, silt and sand sediments 
that separates the Barmah and Moira Lakes. Until a 
detailed chronology is developed for the region the 
actual ages of many of these events and the effect of 
the floodplain hydrology remain uncertain. For more 
detailed information on the geomorphology of the 
region see the paper by Rutherfurd and Kenyon in 
this volume. 


Climate 

The region has a Mediterranean climate of winter 
rainfall and hot summers. Average annual tempera¬ 
tures are relatively stable at 13-15° C (Dexter 1978). 
Annual evaporation of 1400 mm exceeds annual 
precipitation of approximately 400 mm. The Euca¬ 
lyptus camaldulensis forests and wetland communi¬ 
ties rely on sufficient precipitation and snow fall in 
the eastern highlands to provide annual winter/ 
spring flooding to balance this rainfall deficit (Dex¬ 
ter 1978; Cuddy et al. 1993). 


Vegetation 

The vegetation of the Murray River corridor and 
that of the Riverine Plains have been highly modi- 
ticd by grazing, logging, agriculture and changed 
fire regimes since the 1840s (Lunt 2002). Histori¬ 
cally, the Moira Marshes were a complex lake and 
wetland system consisting of the Moira and Barmah 
Lakes and a series of lagoons and treeless swamps 
dominated by tall, impenetrable reed beds ( Phrag- 
mites australis) through which the Murray River 
flowed (Curr 1883; Coulson 1979). Within the reed 
beds were small elevated strips of land covered in 
pigface ( Mesemhryantheum aequilaterale) (Coul- 
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son 1979). Other wetland vegetation included bul¬ 
rush ( Typha spp.), spike rushes (Eleocharis sphace¬ 
latei and Eleocharis acuta), nardoo (Marsilea 
drummondii), milfoil ( Myriophyllum crispatum), 
water ribbons ( Triglochin spp.), Junctts spp. and 
Azolla filiculoides (Chesterfield 1986). Open Moira 
grass ( Psuedorapliis spineSCens) plains between the 
reed beds were a feature of the region (Curr 1883; 
Chesterfield 1986). The Moira Marshes are now sur¬ 
rounded by river red gum (Eucalyptus camaldulen- 
sis) forests that also grow along the banks of the 
Murray River in this area. Due to changes in hydrol¬ 
ogy that are related to river regulation, the lakes arc 
now fringed with giant rush (Juncus ingens) that, 
along with Eucalyptus camaldulensis, is invading 
the grass plains. 

Callitris glaucophylla, C. pressei. Exocarpus spp., 
Myrtaceous shrubs, Banksia, Acacia spp. and Alloca- 
suarina leuhmanni grew on the drier sandy rises 
within the forests and on the sandy soils of the River¬ 
ine Plains. In the 1840s, to the west of Deniliquin. 
were vast areas of saltbush shrubland consisting of old 
man saltbush ( Atriplex nummularia), bluebush 
(Maireana apltylla), goosefoot (Chenopodium nitniri- 
aceum) and hedge saltbush ( Rhagodia spinescens). 
Also present in the region were semi-arid open wood¬ 
lands and extensive grassy plains (Sargeant ct al. 
1979). 

Late winter/early spring floods from snow-melt 
in the Eastern Highland inundated these swamps 
and lagoons. In summer, when river flow was low, 
the swamps dried and the lagoons became swamps. 
During periods of drought the whole area became a 
dry plain. This was still the case until the Hume 
Reservoir was commissioned in 1936. Winter flows 
are now retained in the reservoir and released during 
summer for downstream irrigation. These high sum¬ 
mer flows often result in summer Hooding of the 
forest (see Ladson and Chong, this issue). A levee 
bank was subsequently constructed along ‘The 
Choke’ and regulators installed on effluents to re¬ 
duce summer flooding. These changes have pro¬ 
foundly affected the hydrology of the area (Bren et 
al. 1987). 

METHODS 

Sediments between 2 m and 5 m below the modern 
surface were used for pollen, charcoal and sediment 
analyses. The vertical face of a trench dug into the 
Moira Marshes was sampled at 0.1 m intervals 


between 2.1 m and 3 m and then at 0.5 m intervals 
to the base of the trench. 

Pollen analysis. To determine the pollen rain 
produced by the modern forest, pollen traps were 
placed in differing vegetation communities within 
Barntah Forest and one trap was placed on the 
Barmah Sand Hill to collect the regional pollen rain 
(Fig. I A). A I litre plastic bottle with a 4.5 cm di¬ 
ameter opening, covered with wire mesh to exclude 
insects, was positioned flush with the ground sur¬ 
face. Approximately 100 ml of glycerol and a small 
amount of Thymol were added to prevent pollen 
from oxidising and to inhibit fungal and algal 
growth (Hicks et al. 1996). Traps were in the field 
from May 1995 to May 1999 and changed at 3- 
monthly intervals. 

Recent pollen data was also obtained from two 
sediment core surface samples; the Moira Grass 
(Psuedorapliis spinecens) Plain at Hut Lake anil the 
tall Eucalyptus camaldulensis forest at Gower’s 
Gate. For the Moira Marshes sediments, pollen was 
extracted from a 3 cm' sub-sample at each depth. 

Sediment and pollen rain samples w'ere 
processed using the KOH and acetolysis digestion 
method (Moore et al. 1991; Hicks el al. 1996) and 
the pollen isolated using sodium poly-tungstate 
(specific gravity 2). One Lycopodium spore tablet 
(12,542 spores per tablet) was added to each sample 
to calculate absolute pollen concentration (Jor¬ 
gensen 1967). When excessive fungal contamina¬ 
tion did occur in pollen trap samples they were 
treated, prior to acetolysis, with 1% sodium 
hypochlorite until the hypliae separated and freed 
the trapped pollen (Tauber 1974). Preparations were 
stored in a known volume of glycerol. A minimum 
of 200 dryland pollen grains was counted, from 
aliquots of known volume, at x600 magnification, 
using an Olympus binocular microscope. For the 
sediment samples, absolute pollen concentrations 
and the relative percentage of the dryland pollen 
sum were calculated for selected pollen taxa. For 
the pollen rain, average influx over the four years 
(grains enr 2 yr 1 ) was calculated for each site using 
the formula: 

Pollen influx (grains cm -2 year 1 ) = 
P,*(L t /L c )*(T a )*( 12/S P )* 1/4) 
where 1\ (no. pollen grains of each taxon counted); 
l.j (Total number of Lycopodium spores added); L c 
(Lycopodium spores counted); T A (trap area in cm 2 ) 
and S n (sample period in months). 

The results were graphed using Tiliagraph V2 
(Grimm 1993). 
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Eucalyptus , Casuarinaceae and Chenopodiaceae 
pollen were separated on morphometric (size) crite¬ 
ria: Eucalyptus 15-18 pm and >20 pm equatorial di¬ 
ameter; Casuarinaceae <28 pm and >28 pm 
equatorial diameter and; Chenopodiaceae 25pm, 
20pm and 15-17pm diameter. Pollen for each taxon 
was identified as 'grains in good condition’ and 
‘weathered grains' to determine the influence of ae- 
olian and/or riverine transport to the site and local 
pollen preservation conditions. 

Charcoal analysis. The regional fire history was 
determined from charcoal present in the pollen 
preparations and the charcoal area (mm 2 cm' 3 ) was 
determined using the point-count method of Clark 
(1982), using 11 points per field and 200 fields of 
view. To identify fires immediately adjacent to the 
site, charcoal particles greater than 100 pm (Clark 
1988; McKenzie 1989) were counted, concentra¬ 
tions (no. particles enr 3 ) calculated, and the results 
graphed. 

Sediment analysis. Magnetic susceptibility is a 
measure of the ferri-magnetic content of sediments 
and is used to identify changes to sediment influx at 
a site due to catchment erosion, land-use, forest fires 
and can help determine environmental conditions at 
the time of deposition (Thompson and Oldfield 
1986; Gale and Hoare 1991; Caitcheon 1993). At 
each depth, sediment samples of I cm 3 were meas¬ 
ured with a Bartington Magnetic Susceptibility 
Meter using the 0.1 range for weakly magnetic ma¬ 
terial. Electric conductivity (EC) was measured 
using a TPX digital pH meter to determine changes 
in groundwater at the site. Sub samples were mixed 
in distilled water in the ratio 1:5 (weight per vol¬ 
ume), then shaken for 1.5 hours before measure¬ 
ments were taken (Leeper and Uren 1997). The 
bedload fraction (>63pm) of the sediments was 
quantified to determine the influence of the river on 
the site. Five gram sub-samples at each depth were 
dispersed using 5% tetra-sodium pyrophosphate 
(Na 4 P 2 0 7 ,1011,0). then sieved at 1,000pm (coarse 
sand), 250pm (medium sand), 125pm (fine sand) 
and 63pm (very fine sand) and the results graphed 
as a percentage of bedload and as a percentage of 
total sample weight. 

Dates. A single aliquot Optically Stimulated 
Luminescence (OSL) date was obtained from 
quartz sand grains at 2.1-23 m (pers. comm. T. 
Stone in prep.). Burnt Cyperaccac seeds (OZE895) 
between 2.1-2.3 m and beetle scleritc (OZE896) at 
2.5 m were dated using the AMS 14 C dating 
technique and the calibrated ages are reported 


here with the permission of N. Porch, Monash 
University. 


RESULTS 

Sedimentology 

Throughout, the sediments are predominantly silts 
and clays (Fig. 2). From 5.0 to 3.0 m they are 
grey/blue clays with a very low sand component 
(bedload) that increases from 0.7% to 1.7% of the 
total (Fig. 2). Magnetic susceptibility is very low in 
the two basal samples bid increases considerably by 
4.0 m. Between 4.0 and 2.7 m readings slowly de¬ 
cline. Loss-on-ignition (LOI) is constant at 5% 
(Fig. 2). 

At 3.0 m a sudden change in the sediments to 
finely laminated, lacustrine clays and silts suggests 
these sediments were deposited under permanent 
lake conditions by an active river system and that 
bioturbation was minimal. An OSL date of 3,810 7- 
260 years was obtained from the base of these sedi¬ 
ments (pers. comm. T. Stone in prep.) and a cali¬ 
brated U C AMS date (OZE896) of4.840 7- 40 years 
at 2.5 m. At 3.0 m bcdload increases to 6% and by 
2.7 ill is 10% and, whilst the major constituent is 
very fine sand the coarser components also increase. 
Then, from 2.6 to 2.4 m the sand content decreases 
rapidly to less than 1% of the total with coarse and 
medium sands absent (Fig. 2). Maximum MS occurs 
at 2.6 m then suddenly declines to zero at 2.3 m. The 
LOI and EC curves show a similar rapid increase 
followed by declines and both have maximum val¬ 
ues at 2.4 m. 

Above 2.4 m laminations arc absent and the 
presence of vertical desiccation cracks indicate pro¬ 
longed periods when the surface was dry. Sediments 
between 2.1 and 2.3 m returned an AMS date 
(OZE895) of 3,290 7- 90 years (N. Porch, pers. 
comm.). The bedload is variable in composition, but 
still only 4% of the total load. MS declines to zero at 
2.3 m before increasing again. 

There is some oxidation of small root channels 
and surface mottling throughout the profile that in¬ 
dicate wetting and drying cycles. This oxidation in¬ 
creases to 3.0 m, then again above 2.3 m. At 2.0 m 
the sediments are truncated by a layer of coarse sand 
overlain by floodplain silts and clays. 
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Fig. 2. Results of the Moira Marshes magnetic susceptibility (SI units), electrical conductivity, loss-on-ignition per¬ 
centages and sediment particle size analysis. The sediment stratigraphy and dates are included. Chenopodiacaeae/Casuar- 
inaccae ratio is an indicator of regional soil salinization. 


Pollen analysis 

Modern pollen rain. Due to high seasonal variability 
in pollen production the pollen rain data has been 
averaged over the four years (Table 1). Regionally, 
the arboreal, Poaccae and Asteraceae pollen per¬ 
centages reflect the open nature of the agricultural 
landscape. Chcnopodiaceae is less than 1% region¬ 
ally and does not exceed 5% in the Barmah Forest 
pollen rain where it most likely represents Einadia 
nutans. Within the forest Eucalyptus (15-18 pm) 
percentages reflect the Eucalyptus camaldulensis 
forest structure, ranging from 12% in the open 
woodland to 32% in the tall forests with higher val¬ 
ues on the box ridge. High Cupressaccac representa¬ 
tion records the presence of Callitris plantations that 
have been planted south of the forest. Casuarinaceae 
pollen is wind dispersed and the constant but low 
representation and abundances at all sites are simi¬ 
lar to the regional levels. Poaceae, Asteraceae and 
Cyperaccae dominate the forest understorey and are 
all well-represented. Azalia and Myriapliylltim and 
palynomorph values are low at all sites and not pres¬ 
ent in the regional pollen spectrum. 


Surface samples. The Barmah Forest surface 
samples reflect the vegetation community at each 
site (Table 1). Eucalyptus percentages are low and 
Poaceae percentages high at the grass plain. By 
comparison, at the forested site. Eucalyptus at -35% 
is a similar value to the pollen trap data, and Poaceae 
and Cyperaccae, co-dominant in the understorey 
have equal representation. Only Casuarinaceae 
grains greater than 28 pm are present and Chcnopo¬ 
diaceae representation is low. Myriophyllum per¬ 
centages are very high and Azollu is higher than in 
the pollen traps. 

Moira Marshes sediments. Pollen relative per¬ 
centages and concentrations are shown in Figs. 3, 4. 
Zonation of the pollen diagrams is based on strati¬ 
graphic criteria with Zone III from 5.0 to 3.0 m; 
Zone II includes the laminated sediments between 
3.0 and 2.5 tn and; Zone I extends to 2.1 m where 
the sediments are not laminated. 

Throughout this record the majority of 
Chcnopodiaceae pollen grains are weathered indi¬ 
cating poor preservation conditions and/or long-dis¬ 
tance aerial transport. Weathered Eucalyptus (15-18 
pm) grains, suggest pollen preservation conditions 
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Taxa 

Core surface 
samples 

Regional 

pollen 

rain 

Forest pollen rain 


Grass 

plain 

Tall 

forest 

Sand 

hill 

Minimum 

Maximum 

Eucalyptus 15- 18pm 

2.7 

(2461) 

24.0 

(800) 

1.23 

(5.00) 

5.80 

(12.28) 

27.29 

(78.17) 

Eucalyptus 20 pm 

3.3 

(3077) 

7.4 

(250) 

8.32 

(33.33) 

3.74 

(35.43) 

15.09 

(84.18) 

Total Eucalyptus 

8.2 

36.8 

9.55 

(33.3) 

48.68 

(88.71) 

12.02 

(48.82) 

Cupressaceae 

2.0 

(1845) 

0.9 

(25) 

1.81 

(6.38) 

5.32 

(17.29) 

9.36 

(41.46) 

Casuarinaceae <28 pm 




0.30 

(L26) 

1.12 

(3.51) 

Casuarinaceae >28 pm 


2.5 

(75) 

1.55 

(10.00) 

0.57 

(2.36) 

1.47 

(5.26) 

Chenopodiaceac 

1.5 

(1384) 

5.3 

(150) 

0.80 

(3.87) 

4.99 

(41.67) 

1.22 

(5.86) 

Poaeeae 

27.0 

(22615) 

24.6 

(700) 

10.08 

(44.24) 

30.13 

(61.34) 

13.57 

(57.14) 

Asteraceae 

3.5 

(2615) 

14.9 

(425) 

10.66 

(37.25) 

3.06 

(9.57) 

7.77 

(14.33) 

Cypcraceae 

9.5 

(8923) 

11.0 

(150) 


6.74 

(21.05) 

10.97 

(30.10) 

Myriophyllum 

30.0 

(34461) 

32.3 

(2800) 


0.06 

(0.36) 

1.50 

(6.35) 

A:olla 

3.0 

(3846) 

2.4 

(175) 


0.03 

(0.38) 

3.07 

(9.91) 

Palynomorphs 


0.1 

(1384) 


0.15 

(L24) 

1.08 

(5.92) 

Micro-charcoal area (mm-.cm ') 

33.5 

24.3 




Charcoal particle (>100pm) cm -3 

575.9 

650.9 




Charcoal particle (>300pm) cm 3 

9.8 

124.8 





Table I. Barmah Forest relative percentages of the dryland pollen sum and concentrations (...) for modern rain and sur¬ 
face samples, and micro and macro-charcoal for the surface samples. Seasonal data has been averaged for the period 1995- 
1999. 


on the floodplain were poor or, pollen was trans¬ 
ported to the site by the river or wind transported 
from the hinterland. Eroded palynomorphs were 
most likely river transported from upstream. 

Zone III: In this zone there are few pollen grains; 
diversity is low and most grains are weathered. Taxa 
present include Eucalyptus , Casuarinaceae, Cupres- 
saceae, Poaeeae and Asteraceae, with Cyperaccae and 
Persicaria/Polygonum types representing wetland 
taxa (figs 3,4). The low number of grains hinders any 
interpretation of the regional or local vegetation. 

Zone II: At the base of this zone pollen diver¬ 
sity increases, but after an initial increase herba¬ 
ceous taxa diversity declines, except at 2.5 m where 
there is maximum diversity. The increase in pollen 
concentrations and diversity strongly suggest im¬ 
proved pollen preservation conditions rather than 


vegetation change are responsible for the changes 
across this stratigraphic boundary. 

Arboreal relative percentages of the dryland 
taxa are 20% - 25% with Eucalyptus and Casuari¬ 
naceae pollen both 30-40% of the total arboreal 
pollen and Cupressaceae ( Callitris) under 5%. 
Many Eucalyptus pollen grains occur in groups of 
twos or threes indicating Eucalyptus was growing 
quite close to the site. However, approximately half 
of these are weathered suggesting that preservation 
conditions were still relatively poor or, pollen had 
been transported to the site. Eucalyptus relative per¬ 
centages are variable but concentrations increase to 
2.8 m indicating a local source for the pollen and; 
percentages and concentrations increase for both 
Casuarinaceae types indicating a regional source 
for the pollen. Poaeeae percentages decline but 
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concentrations increase but Asteraceae concentra¬ 
tions increase whilst percentages remain constant. 

Above 2.8 m Eucalyptus and Casuarinaceae per¬ 
centages and concentrations decline with minimum 
levels at 2.5m. Eucalyptus pollen declines from 15- 
7% of the dryland sum; but the >20 pm size range is 
consistently present in low numbers, whereas Euca¬ 
lyptus (15-18 pm) concentrations and percentages 
are more variable and decline to 2%. Casuarinaceae 
also changes in composition with a rapid decline in 
pollen with an equatorial diameter <28 pm which is 
absent at 2.5 m, but Casuarinaceae (>28 pm), a 
smaller component of the vegetation, maintains con¬ 
sistent concentrations but representation is halved. 
Poaceae and Asteraceae concentrations increase but 
percentages are variable. Abundances for other 
herbaceous taxa decline rapidly and gradually be¬ 
come less important. 

Pollen indicators for regional arid conditions - 
Cupressaceae, Sapindaceae and Gyrostemnaceae - 
all increase in abundance and representation but 
Myoporaceae decreases. Chenopodiaceae concen¬ 
trations increase 10 times and relative percentages 
increase from 14% to 30% by 2.5 m, with approxi¬ 
mately 15% of grains weathered: here it is the 25 pm 
size class that is dominant. The Chenopodiaceae/Ca- 
suarinaceac ratio (an indicator of soil salinization) 
increases from 2.6 m with maximum values at 

2.5 m. 

Dicksania spores dominate indicators of riparian 
taxa with Tasmannia , Acacia and Lamiaceae present 
in low concentrations. Although, individual abun¬ 
dances are low, together they are 8% of the dryland 
pollen sum. The high proportion (50%) of weathered 
palynomorphs indicates they were transported from 
upstream. Above 2.7 m they decrease in abundance 
and, as a component of the vegetation, they are ab¬ 
sent at 2.4m. 

Wetland taxa diversity is initially low at 3.0 m 
with their highest representation is 2.7 m but con¬ 
centrations are at their highest between 2.6 and 2.4 
m when percentages are low. Polygonum and Persi- 
caria pollen types increase from 20% to 50% and, 
with Cyperaceae (20%), dominate the wetland taxa. 
Above 2.6 m, Persicaria and Polygonum decrease 
rapidly and remain low to the top of the profile. Al¬ 
though Myriopliyllum and Azollu are poorly repre¬ 
sented in the basal laminated sediments, abundances 
subsequently increase and reach maximum levels at 

2.6 til and 2.4 m respectively. 

Zone I: At 2.4 m concentrations for dryland 
pollen suddenly double but Eucalyptus (15-18 pm). 


Casuarinaceae (<28 pm), Leptospermum, Chenopo¬ 
diaceae (all size classes), Sapindaceae, Gyrostem- 
naeeac, Poaceae, Asteraceae and wetland taxa 
increase 4-6 times. This increase is not matched by 
similar increases in relative percentages for most 
taxa. Assuming pollen production is constant, this 
increase in concentrations imply a sudden reduction 
in deposition rates. However, Eucalyptus and Ca¬ 
suarinaceae double their representation but it is Eu¬ 
calyptus that increases from 5% to 15% whilst 
Casuarinaceae only increases marginally and 
Chenopodiaceae declines 1.5 times. 

At 2.3 m this spike is followed by a sudden re¬ 
duction in pollen concentrations for a number of 
taxa. Again, these sudden changes are not matched 
by similar changes in representation and suggest an 
increase in the sedimentation rate rather than a 
hiatus in pollen deposition. A significantly large de¬ 
cline in Cupressaceae suggests an actual reduction 
in abundance. 

There are major changes in the representation of 
certain taxa in this zone. Eucalyptus pollen percent¬ 
ages increase from 14% to 40% of the dryland 
pollen sum with Eucalyptus (15-18 pm) dominant, 
although a large proportion are eroded and Eucalyp¬ 
tus (>20 pm) increase. Casuarinaceae (both size 
classes) increase to 15% before declining to 10%, 
but it is the <28 pin size range that suddenly de¬ 
clines. Shrubby Myrtaccous taxa at 10% are in¬ 
creasingly dominated by Melaleuca. Herbaceous 
pollen, including Asteraceae (Tubuliflorae type) de¬ 
crease steadily across this stratigraphic boundary 
and continue to decline to the top of the profile. 
Grasses are consistent at 10% throughout. 

Callitris declines suddenly at 2.3 tn and never 
recovers and. at 2.1 m, Chenopodiaceae has declined 
to ~6%. Sapindaceae and Gyrostemnaceae are ab¬ 
sent from the record by 2.2m. The Chcnopodi- 
aceac/Allocasuarina ratio peaks at 2.5m. 

There is greater complexity in taxa representing 
riparian indicator species. Concentrations are con¬ 
stant to 2.1 m but relative percentages increase to 
7.5%. The increase is due mainly to Dicksonia 
spores with a lower proportion of eroded spores. The 
wetland taxa are dominated by Myriophyllum. How¬ 
ever, abundances for all wetland taxa decline two- 
three fold above 2.4 m and Persicaria!Polygonum 
almost disappears above 2.5 m. 
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Fig. 3. Moira Marshes pollen diagram: relative percentages of the dryland sum. Eroded pollen grains for each taxon are hatched. Note change of scale on X-axis for those 
taxa that are less than 10%. 
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Fig. 4. Moira Marshes pollen concentrations (no. grains cm' 3 ). Diagram also includes the micro anti macro-charcoal results. 
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Charocal analysis 

Surface samples. In the surface sediments micro- 
charcoal area is similar at both sites being —30 mm 2 
cm- 3 . Macro-charcoal concentrations are also simi¬ 
lar at ~ 650 particles cm 3 (Table I). 

Moira Marshes. Micro-charcoal area is low to 
3.5 m but at 2.5 m there is a two-folil increase, com¬ 
parable to that recorded in the pollen spectra 
(Fig. 4). Values then return to similar levels to those 
below 2.6 m and remain constant to the top of the 
profile. II, as for the pollen, changing deposition 
rates arc responsible for these changes then there is 
a real increase in micro-charcoal particles above 2.4 
m. Macro-charcoal particle concentrations are low 
to 3.0 m. Both increase rapidly and then remain con¬ 
stant to 2.6 m (Fig. 4). Concentrations increase 8 
times to maximum values at 2.5 m and 2.4 m. then 
decrease by a similar amount before rising again. 
This represents a real increase in macro-charcoal 
particle concentrations at 2.5 and 2.4 m, then a 
decrease. 


DISCUSSION 
Pollen morphometry 

Morphometric identification of Eucalyptus pollen to 
species level is difficult due to similarities in size 
and variability between and within species (Crowley 
1994a; Chalson and Martin 1996). Eucalyptus 
pollen (15-18 pm) dominate the pollen rain and sur¬ 
face samples. The modern floodplain supports an 
extensive Eucalyptus camaldulensis Dehnh. forest 
and pollen of this size class is likely to be pre-dom- 
inantly from this species. Eucalyptus pollen grains 
with diameter >20 pm could represent a number of 
species and cannot be identified further. However, 
this siz.e class is well represented in the modern 
pollen rain from the Eucalyptus mictvcarpa Maiden 
and Eucalyptus melliodpra A. Cunn. ex Schauer box 
woodlands; all are likely candidates. 

Allocasuarina luehmannii R.T.Baker grows on 
the dry sandy soils of the Riverine Plains and within 
the Barmah-Millewa Forest (Chesterfield 1986). It 
grows where annual rainfall is 380-630 mm hut can 
extend into regions of 225-300 mm (Doran and Hall 
1981). This is most probably the species represented 
by Casuarinaceae pollen (>28 pm). I listorically, Ca- 
suarina stricta Aiton fringed the grass plains of 
northern Victoria with Callitris glaucopliylla 


(Hodgkinson 1856) and is common in southern Vic¬ 
toria: The pollen has an equatorial diameter of 35 
pm but these arc rare in this pollen record. A num¬ 
ber of species could be represented by the smaller 
Casuarinaceae pollen grains depending on climate, 
habitat and soil. Allocasuarina cristata F, Muell. and 
Casuarina pauper F. Muell. ex L.A.S. Johnson 
occur where rainfall is 175-275 mm per year and ex¬ 
tend into the mid-Loddon region (Sargcant et al. 
1979; Doran and Hall 1981) and either is a candi¬ 
date for this pollen type. 

Information on Chenopodiaceac pollen mor¬ 
phometry is sparse. However, Chenopodium (25 
pm), Einadia (22 pm) and Rhagodia (15-17 pm) 
(Hopfet al. 2002) are all present in the regional salt¬ 
bush shrublands. It is not possible to take identifica¬ 
tion further. 

Wetland taxa can provide quite specific infor¬ 
mation on local water levels and wetland nutrient 
status. Polygonum and Persicaria both grow on sea¬ 
sonally flooded, disturbed sites and along river 
banks flowering as water levels recede and they re¬ 
quire variable temperature regimes to germinate. 
Myriophyllum has similar requirements (Ward 1992; 
Romanowski 1998) but is favoured by elevated 
phosphate levels (Roelofs ct al. 1984). Azolla grows 
in association with nitrogen fixing blue-green algae 
common in nutrient-rich waters (Roelofs ct al. 1984; 
Romanowski 1998). 

Mid-Holocene landscape reconstruction 

Floodplain hydrology and the river. The colour of 
the basal gleyed clays is due to anaerobic reduction 
and the leaching of iron from the profile, resulting in 
very low magnetic susceptibility readings when sed¬ 
iments are saturated or inundated for long periods 
(Thompson and Oldfield 1986). Also, the very fine 
nature of the sediments indicates the Murray River 
was most probably entering the floodplain some dis¬ 
tance away. On this low section of the floodplain 
was permanent, or near-permanent, shallow water, 
possibly a lake. However, the age of these sediments 
is unknown. In this period, fires occurred infre¬ 
quently on the regional landscape and local fires 
were rare. 

As suggested by the magnetic susceptibility 
record, sometime before 4,000 years BP the flood- 
plain began to drain. The increase in fine and very 
I inc sands at the same time imply that the Murray 
River, or a distributary channel, was having an 
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increasing influence on the site possibly forming a 
new channel as the lake drained to the south and the 
shoreline receded. 

There was a return to permanent lake conditions 
-4,000 years ago. I towcver, the sudden increase in 
sand and the deposition of finely laminated sedi¬ 
ments indicate the lake formed either as a terminal 
lake or within a floodplain depression and sediments 
were being deposited under an active regime of high 
seasonal flows from a nearby channel of the Murray 
River or a distributary channel. This situation is sup¬ 
ported by the presence of riparian pollen from this 
time, as discussed below. 

Approximately 3,000 years ago there was a de¬ 
crease in river activity with lower flow and possibly 
less frequent Hooding or the lake and channel were 
no longer directly connected. It is possible the lake 
had infilled to the level where only large Hood 
events inundated the site or that seasonal inundation 
was shallower. It appears the site is sensitive to 
changes in regional groundwater and records in¬ 
creasing soil salinization, supporting the pollen evi¬ 
dence for maximum aridity at this time. 

Vegetation at 4,000 years. A history of vegeta¬ 
tion change is difficult to construct as the pollen 
records vegetation change on the regional lowland 
plains and from higher elevations of the upper catch¬ 
ment. At the same time the swamp vegetation re¬ 
flects local hydrological conditions that are 
significantly impacted on by the Murray River. Ap¬ 
proximately 4,000 years ago, at the time the second 
lake formed the regional vegetation consisted of a 
mosaic of open Casuarinaceae and Eucalyptus 
woodlands or shrublands with Callitris and a num¬ 
ber of arid-adapted shrubs also present. Allocasuar- 
ina htehmannii was a minor component of these 
woodlands and Callitris was no more abundant in 
the landscape than today. Grasses. Asteraccae and 
herbaceous vegetation dominated the regional 
woodland understorey and would have occurred on 
the drier regions of the adjacent floodplain. The re¬ 
gional vegetation was comparable to that of the 
modern semi-arid country to the north and west of 
the Barmah-Millewa Forest. 

In this early lake phase Eucalyptus camaldulen- 
sis was rare at this site. Cyperaceae, as it is today, 
was an important component of the floodplain veg¬ 
etation and seasonal inundation of the floodplain 
and possibly a river channel nearby is suggested by 
the presence of Persicaria and Polygonum (Ro- 
manowski 1998). It cannot be deduced from this 
study if the Moira grass Plains, characteristic of the 


modern floodplain were present in the mid- 
Holocene. 

Regional soil salinization. After -4,000 years 
BP the semi-arid woodlands expanded; with Casuar¬ 
inaceae <28 pm expanding faster than Eucalyptus 
but Allocasuarina luehmannii contracted. This in¬ 
creasing aridity suggests Allocasuarina cristata or 
Casuarina pauper are represented by the smaller 
Casuarinaceae pollen grains and that annual precip¬ 
itation was lower than 275 mm. 

The Chenopodiaceous shrublands were always 
significantly more extensive than at present, and 
must have been growing close to the site. Even 
though Chenopodiaceae pollen is dispersed by wind 
the modern regional pollen rain, at less than 1%, re¬ 
flects the distance of these saltbush shrublands from 
the site today. Beveridge (1889) described cooking 
mounds on the Lower Murray floodplains as having 
‘7/ dense growth of giant salt-bush ” and Broughton 
(1966) described saltbush extending right to the river 
bank in the Swan Hill region in the 1920s. It is pos¬ 
sible that the sandhills of the Moira Marshes and the 
hinterland were similarly covered - 4,000 years ago. 

The expansion of the chenopodiaceous 
shrublands and a corresponding decline first in My- 
oporaceae, then Allocasuarina luehmannii, Allo¬ 
casuarina cristata, Dodonaea and Callitris at the 
Moira Marshes has also been recorded from other 
sites across south-eastern Australia and has been at¬ 
tributed to soil salinization driven by regional arid¬ 
ity between 4.000 and 2,000 years BP (Crowley 
1994b; Gingele et al. 2004). Crowley (1994a) used 
a level of 5% Chenopodiaceae pollen to indicate the 
occurrence of regional soil salinization. At this 
level Casuarinaceae pollen always declines in a 
pollen spectrum, so the Chenopodiaceae/ Casuari¬ 
naceae ratio can be used as an indicator of soil 
salinization (Crowley 1994b). In the Moira Marshes 
record Chenopodiaceae pollen values of 15% were 
already present and Myoporaeeae was declining 
when this second lake formed. Myoporaeeae (My- 
oporum montanum and A/, parvilfolium) and Allo¬ 
casuarina luehmannii growth is compromised at 
5-6 dS/m whilst Casuarina pauper can tolerate lev¬ 
els to 10-15 dS/m whereas Chenopodiaceae are not 
affected until soil salinity reaches 20 dS/m (Doran 
and Hall 1981; Marcar ct al. 1995). From this, re¬ 
gional soil salinization reached levels of at least 5- 
6 dS/m and possibly 10-15 dS/m. Maximum 
salinization and therefore aridity, was reached 
-3,300 years BP based on the IJ C dates, although it 
is likely to have been later. It is also possible these 
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taxa were affected by increased fire frequency, as 
discussed below. 

Upper catchment conditions. A striking feature 
of this record is the sudden appearance, and in¬ 
crease, in taxa representing riparian (river corridor) 
and sub-alpine vegetation from -4,000 years BP 
when lake conditions were established. Riparian in¬ 
dicators include Dicksonia and ground fern spores 
with Tasmannia, Lamiaceae and Rhamnaceae (Po- 
maderris) pollen. All arc common components of 
modern cool wet gully vegetation at higher eleva¬ 
tions. Together, they indicate cooler and wetter con¬ 
ditions at higher elevations in the catchment 
headwaters in the Eastern Highlands. 

Pollen of riparian vegetation, in similar abun¬ 
dances, are present in the recent pollen spectra for 
the lower reaches of the Latrobc River (Kenyon et al. 
1996) and for Lake Wellington in Gippsland 
(Grayson et al. 1998) where the pollen has been 
transported 50-60 kilometres along the rivers to the 
lake. In the Murray River catchment the nearest 
modern occurrence of this vegetation type is in the 
Ovens River catchment, on the slopes of Mount Buf¬ 
falo, a distance of more than 200 river kilometres. 
Therefore, -4,000 years ago, the closest riparian 
vegetation to the Moira Marshes must have extended 
downstream along the moist riparian corridor. 

Approximately 3.000 years ago there was a 
major change in regional vegetation and in deposi¬ 
tion rates at the site. First, the regional woodlands 
became more open and the understorey dominated 
by grasses. Second, al the time of maximum aridity 
sedimentation rates appear to have been low at a 
time when the river channel, or distributary and the 
lake may have been disconnected leaving the surface 
to dry for long periods. This was followed by an in¬ 
crease in deposition rates as swamp conditions de¬ 
veloped and then prevailed at the site. A more 
abundant and diverse riparian vegetation suggests 
this vegetation community must have expanded its 
range down the Murray River Valley under continu¬ 
ing cool conditions and; a river channel was once 
again depositing sediment at the site, but as over¬ 
bank deposit under a lower energy system. 

Regionally, Chenopdiaceae shrublands, Alloca- 
suarina cristata and Callitris declined. Notably, .41- 
locasuarina luehmannii was not affected to the same 
extent. Eucalyptus camuldulensis expanded again, 
growing along the river bank and possibly extending 
onto the now drier, but seasonally inundated. Hood- 
plain as open woodlands or forests. However, these 
woodlands were not as dense as the modern forest. 


Eucalyptus replaced Causarinaceae toward the top 
of the sequence when, it appears conditions were 
ameliorating. 

Myrtaceous shrubs, especially Melaleuca, in¬ 
creased considerably. On seasonally dry, swampy 
flats, Baird (1984) recorded massive Melaleuca re¬ 
growth on dry areas three years after a fire, but 
found that regeneration was slower on swampy 
areas. So, it is likely the increase in Melaleuca at the 
Moira Marshes was due to a seasonal drying of the 
site and to disturbance by fire. The floodplain sup¬ 
ported a more extensive and diverse vegetation com¬ 
munity dominated by Cyperaceae, but Persicaria 
and Polygonum were rapidly replaced by Myriophyl- 
lum as swampy and boggy conditions developed 
under fluctuating water levels and nutrient levels in¬ 
creased, possibly in response to the burning of the 
swamp surface. All of these taxa indicate variable 
climatic and variable hydrological conditions pre¬ 
vailed at the site (Romanowski 1998). 

Fire and vegetation. Even though the incidence 
of fire on the landscape increased rapidly -4,000 
years ago it was still lower than for the modern 
regime and, although most likely due to wildfires, 
the activities of people in the landscape cannot be 
ruled out. This increase occurred under cooler but 
increasingly arid conditions possibly enhanced by 
greater variability associated with a strengthening of 
the ENSO cycle approximately 3,000 years ago 
(Stanley and De Deckker 2002; Gagan et al. 2004). 
These conditions would have provided the variation 
necessary for the build up of sufficient fuel loads to 
support a more frequent fire regime (Noble and 
Vines 1993). Local fires also increased but were still 
infrequent and possibly occurring on drier sections 
of the floodplain, or at the lake margins. 

The peak in charcoal at the time of maximum 
aridity may be a real increase in fire frequency, but 
it more likely reflects a change in deposition rates, 
as discussed for the pollen. It is probable the re¬ 
gional fire regime at this time was depressed as fuel 
loads would have been low. Chenopodiaceae shrub- 
lands do not burn well and, as Noble and Vines 
(1993) noted, under arid conditions fire in semi-arid 
woodlands is dependent on sufficient grass to fuel 
the lire. Approximately 3,000 years ago when local 
swamp conditions were developing regional fires in¬ 
creased. The demise of Callitris and Myoporaceae 
was primarily due to soil salinization, but they may 
not have been able to regenerate under a more fre¬ 
quent fire regime. The result was a change in the 
composition and structure of the vegetation on the 
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adjacent Riverine Plains to more open woodlands or 
forests that were now dominated by Eucalyptus with 
more extensive grassy areas. 

When swamp conditions developed there was an 
actual increase in the intensity of the local fire 
regime and fire-sensitive Eucalyptus camaldulensis 
(Chesterfield 1986) may have been disadvantaged 
for a short period in favour of other fire-tolerant 
species such as Melaleuca (Baird 1984; Nicol and 
Ganf 2000). This increase was followed by a period 
when local fires were infrequent at the same time as 
the sediments indicate the surface was dry and the 
river was not influencing the site. Fires immediately 
resumed at the site when the river was again close- 
by and swampy conditions again prevailed. It ap¬ 
pears from this evidence that settlement at the site 
was dependent on the availability of both swamp 
and river resources. 


Mid-Holocene Climate at Moira Marshes 

Identifying the climate signal in this record is as 
complex as reconstructing the vegetation history, for 
the same reasons. Holocene climatic variability was 
not dramatic but the small variations evident in this 
record had significant effects on the vegetation, local 
hydrology and river flow. By 4,000 years ago condi¬ 
tions in the sub-alpine regions of the catchment to 
the south-east were becoming cooler and wetter. 
However, the pollen indicates the lowland Riverine 
Plain experienced a semi-arid climate that became 
increasingly arid to the extent that soil salinization 
developed. If cooler conditions accompanied the in¬ 
creasing aridity then reduced evaporation rates rather 
than increased precipitation can explain the wetter 
upper catchment conditions; that is, effective precip¬ 
itation was high (Kershaw 1981). These increasingly 
drier and cooler conditions would have resulted in 
climatic variability with river Hows exhibiting 
greater seasonality and transporting higher bedloads 
to the lowland reaches of the Murray River (Gingele 
and De Dcckker submitted). Conditions appear to 
have ameliorated toward the top of the sequence. 

Regional comparisons 

Similar Eucalyptus and Casuarinaceae-dominated 
open semi-arid woodlands and chenopodiaccous 
shrublands have been recorded after -4,000 years 
BP in northern western Victoria (Luly 1993; 1995; 


Thomas et al. 2001) and on the Darling Anabranch 
(Cupper et al. 2000; Cupper 2005). A similar change 
in dominance from Casuarinaceae to Eucalyptus oc¬ 
curred after 5,000 years ago at Lake George (Singh 
etal. 1981; Singh and Geissler 1985). At LakeTyrell 
(Luly 1993) and in the Darling Anabranch this oc¬ 
curred ~2,000 years BP (Cupper et al. 2000; Cupper 
2005). Previous studies have shown regional aridity 
and soil salinization between 5,500 and 3,600 years 
ago. In western Victoria, lake levels were low 
(Bowler et al. 1976; Luly 1993; Crowley 1994a; 
Cupper, et al. 2000; Cupper 2005) and dune-build¬ 
ing occurred in the VVagga Wagga district (Chen et 
al. 2002; Hesse and McTainsh 2003; Gingele ct al. 
2004). Costin (1972) identified a cool period in the 
Eastern Highlands between 3,250-1,540 years BP 
and Stanley and De Deckker (2002) found evidence 
in Eastern Highland dust deposits for climatic fluc¬ 
tuations in the mid-Holocene and a regional drying 
from about 5,500 to 3,600 years BP. River activity 
also reflects other studies where in eastern Australia 
(Cohen 2003) and on the Lachlan River (Kemp 
1998) river activity increased between -5,000 and 
2,800 years BP, and Gingele and De Deckkcr (sub¬ 
mitted) identified a pluvial pulse for the Murray 
River at 2,800 years BP. Maximum aridity in the re¬ 
gion seems to have occurred -2,000 years ago. 

Chronology> 

The inversion of the two ,4 C dates is problematic. 
The thin laminations, and fine clay/silt sediments do 
not match the high deposition rates determined from 
the dates. The large number of burnt Cyperaceae 
seeds suggests they have remained in situ but have 
possibly been contaminated by the frequent wetting 
and drying cycles characteristic of this site. That 
they, and the beetle scleritc, have been transported 
from elsewhere on the floodplain cannot be ruled 
out. Due to this uncertainty this record indicates re¬ 
gional aridity occurred sometime between 4,000 and 
3,000 years BP. However, it is possible the maxi¬ 
mum aridity recorded by the pollen at 2.4 m is the 
same as that reported by Cupper (2005), and Luly 
(1993) across south-eastern Australia -2,000 years 
BP. The basal age of the Moira Marshes sediments 
may be as old as -6,000 to -5,000 years BP. 

People in the landscape. Although the increase 
in the frequency of fire in the region, approximately 
4,000 years ago, was controlled by climate and vari¬ 
able environmental conditions it may also have been 


VEGETATION, FIRE AND ABORIGINAL IMPACT ON THE MID-HOLOCENE MOIRA MARSHES 


55 


influenced by human activity, as burning to clear the 
country and to maintain resources was a common 
practice (Jones 1969; Head 1988, 1994; Kohen 
1996). The increase may reflect the movement of 
people into the moister riverine corridor and into the 
hinterland where the woodland resources potentially 
could be managed with fire and their open structure 
maintained. This is supported by the archaeological 
evidence that shows this movement occurred in the 
mid-to late-Holocene (Pardoe 1998), most likely in 
response to climatic instability and more dynamic 
environmental conditions. Rather than reflecting a 
population increase in the region, this movement is 
more likely to have been a response to the unpre¬ 
dictability of the changing environment. The hinter¬ 
land environments were used seasonally, especially 
during winter when the floodplain was inundated for 
months at a time. For these reasons fire frequency 
would have been lower on the open plains than on 
the floodplain (Pardoe 1994). 

Wetlands provide abundant food resources and 
as soon as these conditions prevailed they were man¬ 
aged using fire. It is also apparent from the record 
that river resources were important as the frequency 
of local fires was low when the river did not directly 
influence the site. At ~3,0()0 years BP there is a 
change from a climate dominated landscape to one 
maintained by fire. At the time Europeans arrived in 
the area in the 1840s, fire was certainly used to 
maintain open woodlands, clear reed beds and pro¬ 
mote new growth (Curr 1883; Sturt 1899). 

CONCLUSIONS 

The stratigraphic and pollen record indicate two 
possible lake phases for these sediments. The first, 
in the mid-Holocene at a time when the river entered 
the floodplain some distance away from the site; this 
lake eventually drained leaving a swampy flood- 
plain. As the floodplain drained the river had an in¬ 
creasing effect on the site. A second permanent lake 
phase began ~4,000 years ago from the time the 
Murray River or a distributary channel directly in¬ 
fluenced the site. This second lake infilled and 
swamp conditions prevailed from '3,000 years ago. 

In the mid-to-latc-IIoloccne semi-arid open 
woodlands and extensive saltbush shrublands oc¬ 
curred regionally, but conditions were wet enough 
for these woodlands to expand. A change to increas¬ 
ing aridity and soil salinization eventually changed 
the composition of these woodlands. The floodplain 


supported increasingly abundant and complex wet¬ 
land vegetation communities while Eucalyptus 
camahlulensis, common on the modern floodplain 
today, was not as abundant. Temperatures in the 
upper catchment to the east were low and the Mur¬ 
ray River corridor supported an extensive cool, 
moist riparian vegetation not present along the mid- 
Murray River today. 

Initially, fire in the hinterland and on the flood- 
plain was infrequent and dominated by climatic vari¬ 
ability. From the time the river directly influenced the 
site and the second smaller lake formed, regional fire 
frequency increased significantly. This change in fire 
regime was most probably due to climatic variability 
but people moving onto the floodplain as the lake re¬ 
ceded using fire for resource manipulation needs to 
be considered. Local fires did not increase dramati¬ 
cally until the lake began to dry and wetlands ex¬ 
panded -3,000 years ago. The charcoal record and the 
interpreted history of fire demonstrates the oppor¬ 
tunistic nature of occupation on the floodplain with 
people moving to a site when conditions provided 
abundant food resources and abandonment when re¬ 
sources were exhausted or conditions less favourable. 
People moved onto the floodplain and river banks, at 
least seasonally, and intensively managed the wetland 
resources using fire, altering the vegetation in the 
process. At this time the landscape became one that 
was increasingly managed for its resources, rather 
than being controlled by climate. 

In the mid-Murray region it was a combination 
of cool humid conditions followed by increasing 
aridity, soil salinization and then anthropogenic fire 
that accounts for the increase, then decline in the 
open woodlands and in the ultimate decline in Cal- 
litris and Allocasuarma and the dominance of Eu¬ 
calyptus -2,000 to 3,000 years ago. The Eucalyptus 
camahlulensis forests of the modern forest most 
probably developed at this time. 
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The Barmah-Millway forests are the largest continuous forests of river red gum (Eucalyptus camal- 
dulensis Dehnh) in the Murray-Darling Basin. This paper provides an account of work defining the hy¬ 
drology of these forests. River regulation has changed the forests watering regime and this has and will 
continue to impact on the vegetation alliances. Change is particularly noticeable in the invasion of the 
natural “moira grass plains” by river red gum. Unseasonal summer flooding allows germinants to sur¬ 
vive the fierce summer droughts, and reduced spring flooding means they arc more likely to survive in¬ 
undation. Grazing also reduces competition from grass. Advances have been made in recent years in 
viewing and managing both the NSW and Victorian sides as a “whole", in applying hydrologic and hy¬ 
draulic techniques to practical flooding situations, in obtaining for the forest a “water allocation", and in 
using remote sensing technology to quantify levels of change. The fundamental problem of securing 
enough water for the forests to survive and be sustained in the long term remains. Changes in such a for¬ 
est raise many questions about our society’s relative valuing of water as a commodity compared with sus¬ 
taining the natural ecology of the area. 
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THIS PAPER is an account of the hydrology of the 
Barmah-Millewa forest and the impact that recent 
changes in this hydrology have on the forest. These 
changes are associated with changes in the flow of 
the River Murray due to regulation and the demand 
for water and tourism services. Fundamental to such 
an examination is some qualification of the word 
“forest” although river red gum (Eucalyptus 
camaldulensis Dehnh.) is the dominant plant (in 
terms of biomass at least), the area is a mosaic of 
wetlands, grasslands, and forest. Thus considera¬ 
tions of the impact of change on the forest will in¬ 
clude many non-forest areas. Associated with 
changes in the forest are changes in the limnology of 
the waterways ramifying through the forest. These 
may be substantial and important in themselves and 
are intimately linked to forest flooding. Fig. 1 is a 
view of a portion of the forest in flood, whilst Fig. 2 
is an aerial oblique illustrating a range of plant as¬ 
sociations which accommodate different flooding 
regimes. Fig. 3 is a vertical aerial photograph show¬ 
ing the onset of a flood; in this the water level has 
reached the invert of a culvert on a road and the 
water has passed through the culvert to water a small 
area of forest on the other side. 

In presenting such an overview, we must gener¬ 
alise on many points of detail. Of some relevance is 


that approximately half the forest is in NSW and 
half in Victoria. The combination of the two states 
plus Federal involvement in the River Murray can 
mean fragmentation of information or difference in 
the treatment of otherwise similar areas. I lowever, in 
the past two decades there has been a conscious ef¬ 
fort by the various agencies to work together to over¬ 
come “boundary issues”. Notable examples of these 
are the agreements to “share” rain-rejection flood¬ 
ing so that no one area receives these constantly and 
the agreement to have similar “regulator” capacity 
on either side of the river. 


THE BARMAH CHOKE 

Fundamental to the question of how the forest deals 
with such flows is an understanding of the channel 
capacity. Fig. 4 shows longitudinal profiles of the 
bed and banks of the river and water levels in the 
river through the Barmah-Millewa forest. It can be 
seen that both upstream and downstream of the for¬ 
est the river channel has substantially higher banks 
(and thus capacity) than in the middle of the forest. 
At these cross-sections the channel capacity sub¬ 
stantially reduces to around 10,000 ML day 1 . If 
flow exceeds this then water passes over the banks 
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Fig. I. View of the Barraah Forest in flood. 


of the river into the forest. Some of this ultimately 
returns to the river but most is "lost" to the river by 
infiltration into the soil or by being trapped in de¬ 
tention storage within the forest. This is a gain to the 
forest but a loss to the economic water users. The 
narrow channel - referred to as “the Narrows" or 
“the Barmah Choke” - is the narrowest section 
downstream from Lake Hume and limits the irriga¬ 
tion flows passing the forest to around 12,000 ML 
per day (there is also a limited ability to bypass the 
Choke by using major irrigation canals). Since most 
water is stored upstream of the forest, the presence 
of this section of river is a major constraint on river 
management. 


Over the years the conveyance capacity through 
the Narrows has been increased, at some detriment 
to the natural system. Thus removal of obstacles has 
given a smoother, higher velocity and less turbulent 
flow, but this has also diminished aquatic habitat. 
The natural levees have been built up to provide in¬ 
creased depth of flow in the channel. “Etlluent 
streams” have either been blocked off or given reg¬ 
ulators (water gates) so that flow is kept in the chan¬ 
nels. This, in turn, diminishes the inflow into the 
forest, thereby depriving the natural ecosystem of 
“natural” inflows. In all of these, from the forester’s 
point of view, there is a sense of compromise - more 
water for downstream users at the expense of in- 
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Fig. 2. Aerial oblique of the forest showing the higher flood frequency reed beds and grass plains passing into the lower 
flood frequency forest areas. 



TO 


Fig. 3. Water levels have become high enough for water to pass through a culvert invert and wet a portion of forest on 
the other side of the forest road. 
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Height above 
Sea-level, 
m AHD 



Distance from South Australian Border, Km 

Fig. 4. Longitudinal profile of the banks, bed, and water level in summer and in a Hood along the River Murray. The 
1975 Hood level reflects strong flooding from the Goulburn River (redrawn from Bren 1991). 


stream and forest natural values and distortion of the 
natural hydrologic cycle of the forest. 

The need to maximise the How capacity of the 
river channel to accommodate downstream flows 
was appreciated very soon after construction of 
Lake Hume in the mid 1930s. This led to construc¬ 
tion of levee banks and exclusion banks to stop 
water leaving the river and passing into the forest. 
The restriction in the number of inlets passing water 
into the forest was a major change for many areas. It 
is thought that this change was particularly marked 
in the Millewa (NSW) side of the forest because of 
the prevalence of blockage of major inlets and inad¬ 
equate regulator capacity. To date these impacts 
have not been quantified, but there has been some 
increase in diversion capacity into this portion of the 
forest in the last few decades. 


THE ROLE OF FLOODING IN THE 
FOREST ECOLOGY 

The most casual observation of the forest at the time 
of flooding shows the role of flooding in sustaining 


life. Before a flood the forest is a quiet place. If it 
has recently been dry the red gum crowns arc sparse, 
the understorey vegetation is often dry with a green¬ 
ish-yellow tinge, and there is little evidence of 
fauna. Once water arrives the forest “comes alive” - 
the trees develop a heavy, dark-green foliage, birds 
arrive from other locations, the water proliferates 
with swimming creatures, and a whole new ecology 
of plants germinate from within the seed store in the 
soil. Most observers are struck by the beauty and vi¬ 
tality of the scene. After flood recession, there is a 
massive shedding of leaf matter, many areas dry out, 
and the forest returns to a dryland condition. In 
some cases a fast recession leads to large popula¬ 
tions of fish - usually European carp -being trapped 
in ever-diminishing pools until ultimately anoxia or 
feral animals finish them off. 

The role of flooding in the forest can be quickly, 
if qualitatively, grasped by comparing the biomass 
of red gum forests with forests in the same area but 
which do not flood or receive groundwater from the 
River Murray. In general the latter have a low bio¬ 
mass, and are composed of drought-tolerant plants 
able to sustain themselves with an annual rainfall of 
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400 mm and tolerate substantial summer drought. In 
contrast, most areas of the Barmah-Millewa red gum 
forest have a woody vegetation density akin to that 
of forests of over 1000 mm annual rainfall. The dif¬ 
ference is due to the contribution of water and nutri¬ 
ents to the forest as a result of flooding. The floods 
also reconnect otherwise disconnected waterways 
and cut-off meanders to the River Murray, allowing 
an interflow of biota (Young 2001). 

The work of Dexter (1970 and 1978) was semi¬ 
nal in defining the relationship between the life 
cycle of river red gums and flooding. This showed 
that: 

The trees shed seed at the usual time of 
flooding. This seed would become engorged and 
germinated on flood recession. The result of this is 
long “shore-line” waves of regeneration. 

For seeds shed on bare ground, there was a 
very heavy loss of seed due to ants and other insects. 

Germinants faced many hazards. The major 
initial hazard was death from summer drought un¬ 
less the flooding was unusually late or the summer 
unusually benign. Unless survivors were tall enough 
to have leaves out of the water at the time of the next 
flood they would not survive the inundation. Com¬ 
petition between trees and grasses and exacerbation 
of frost death of trees in areas of grass were also 
major hazards. 

If they did survive the summer drought and 
the next flood, the red gum would have a tendency to 
grow in very thick clumps as an even-aged forest. 
For commercial forestry based on timber produc¬ 
tion, thinning of such clumps was an attractive op¬ 
tion. 

The forest area has many distinctive characteris¬ 
tics. but amongst the more unusual is the nature of 
the soil. This can be inadequately described as a 
deep clay of lacustrine origin, and is probably 30 m 
or more in depth. Groundwater drilling suggests that 
at depths of 10 m or more there are usually inter¬ 
leaved sand and clay lenses (eg Bren 1989). The soil 
does not fit well into usual soil classifications. Of 
particular importance is its swelling characteristics 
(Fig. 5). Gerald Auberton (University of Southern 
Illinois, personal communication) led a program of 
investigation into the characteristics and showed that 
it could swell by 5% or more. Massive compaction 
was unable to achieve a bulk-density of more than 
about 1.4. However by drying the soil the bulk den¬ 
sity could be raised to 1.9 as the capillary forces 
pulled the soil together. The cracking of the soil is 
the only “structure.” If the soil is cracked at the time 


of flooding then water will infiltrate deeply into it. 
If. however, it is swollen as a result of rainfall then 
there is virtually no penetration. Neutron probe 
work (Bren 1989) showed that under such a circum¬ 
stance the soil will dry out because of transpiration 
by the trees even though there may be 0.5 m or more 
depth of water sitting on the forest floor. 

To the early foresters, the annual flooding of the 
Barmah-Millewa forest was a marvel akin to that of 
the flooding of the Nile (Fahey 1988). The advent of 
river regulation associated with the Hume Dam 
brought considerable unease concerning changes to 
the hydro-ecology of these forests. Thus, for instance, 
in 1932 forester Seaton warned that flooding “would 
be limited in both height and duration, and surmised 
that this would affect the vitality of the forest (Fahey 
1988). In particular the River Murray Commission 
quickly realised the problems of passing water 
through the Barmah-Millewa Choke and raised the 
natural levees along the river to stop water passing into 
the forest. This closed off many inlets into the forest, 
thereby altering the hydrology of the area markedly. 
Dexter, Rose, and Davies (1986) were the first to 
quantify the changes in terms of red gum growth, 
using the criterion of flows in excess of 28,500 ML 
day 1 (averaged over a month) to show that the flood¬ 



ing. 5. Barmah soil wetted (top) and allowed to dry 
(bottom). The cracking nature is evident. 
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ing depth and duration had been diminished. More re¬ 
cent work has concentrated on the impact of flooding 
on the forest biota, and has shown that the changes of 
flooding impact on this biota in many ways. 

FLOW CHANGES IN THE RIVER MURRAY 

The forest sits more or less in the economic centre 
of the River Murray system. To the east are the head¬ 
water rivers running down from the Australian Alps. 
These contain the large storages of Lakes Hume and 
Dartmouth and a myriad of smaller storages associ¬ 
ated with irrigation and hydroelectric generation. To 
the west lie major tourism centres, major irrigation 
areas, and water users such as Adelaide. The River 
Murray waters sustain life, commerce, and industry 
in these areas, and the waters arc particularly impor¬ 
tant in summer. The first effective regulation to meet 
these needs came with the completion of the Hume 
Reservoir around 1934. Fig. 6, derived from Bren et 
al. (1987a) shows measured daily flows (averaged 
over the period) in the River Murray at Tocumwal 

Average Daily 

Flow, X 10 3 ML day 1 


for two periods - pre Lake Hume (1910-20, which 
we will consider “natural”) and post Lake Hume 
(1980-84, which we will consider typical of post- 
Hume flows). Of particular importance: 

In the “natural case” the river flows would 
become very low' in late-summer and autumn. It 
would be very unusual to have flows passing into the 
forest in this period. 

In the post-Hume case (continuing to the 
present) the river flows are sustained quite close to 
the 10,000 ML day 1 limit imposed by The Narrows 
for the November to March period. 

Commonly post-Hume summer flows exceed 
the limit of 12,000 ML day' 1 (10,000 ML day- 1 chan¬ 
nel capacity and 2,000 ML day 1 bypass capacity). 
Sometimes this is because of heavy rains. More usu¬ 
ally, it is because river diverters between Lake Hume 
and the forest do not choose to take allocated water 
and there is inadequate storage space in Lake Mul- 
wala to store the additional water. These flows are re¬ 
ferred to as “rainfall rejections”. Typically these flows 
spill into low-lying parts of tire forest. Soon after reg¬ 
ulation many of the forested wetlands arc thought to 



Day of Year 

Approximate 
Summer Channel 
Capacity 

Fig. 6. Average daily flow in the River Murray at Tocumwal for a pre-Lake Hume period (1910-1920) and a post-Lake 
Hume period (1980-84). The capacity of the "Narrows” (10,000 ML day -1 ) is also shown (redrawn from Bren et al. 1987a). 
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have changed their nature from intermittent to per¬ 
manent wetlands, and this led to death of red gum 
trees in these areas. 

In late-winter and early spring the flows 
pass over the banks or through “regulators” (water- 
gates) into the forest. Historically the flows have ex¬ 
ceeded the regulation capacity of the River Murray 
and essentially the system reverts to being “natural”. 
However in recent years diminished Hows associ¬ 
ated with drought have reduced such inflows. 

Thus the essential pattern of flow change forced 
on the forest is the introduction of summer flooding, 
albeit with small volumes of water, and the reduction 
in winter-spring flooding. Although there have been 
some variations of this in recent years associated with 
environmental flows, the fundamental pattern of reg¬ 
ulation-induced changes remains. A consequence has 
been that wetlands and lagoons directly connected to 
the river may not have a “drying out" period, thereby 
changing their ecology - some remediation for this 
will be discussed below. There are also associated 
changes with water quality because of the storage in¬ 
volved. The flooding can be viewed as having a 
“managed component” associated with opening of 
regulators to allow water to pass in to the forest and a 
natural component reflecting that ultimately control 
of the water is lost as the flows increase and the wa¬ 
ters overtop the river banks. 


Bren et al. (1987a & b) correlated river flows in 
the River Murray with the extent of flooding in the 
forest using a sequence of annual flooding maps of 
the Barmah Forest. The best predictor of flooding 
was found to be the peak annual flow at Tocumwal, 
with the relation derived being: 

P % = -435.40 + 47.60 ln(Q p ) Q p < 68,500 ML day 1 
P % = 93.5 Q p > 68,500 ML day 1 

where P„ is the percentage of the forest inundated 
and Q p (ML day 1 ) is the maximum daily flow at 
Tocumwal during the period of inundation. Fig. 7 
shows this relation and the points used in its deriva¬ 
tion. This relation was then used to provide esti¬ 
mates of the monthly flooding and to reconstruct 
flooding patterns across the forest. Fig. 8 shows es¬ 
timated averages of the distribution of flooding in 
the Barmah Forest for each month pre-Hume and 
post-Hume Reservoir. The results suggest that: 

1: Summer flooding is quite common post- 

Hume, reflecting the passage of regulated flows and 
“rainfall rejections”. 

2: Post-Hume, the average flood is substan¬ 

tially diminished in winter-spring, and the variabil¬ 
ity of flooding is increased. For instance, in the 
pre-Hume September, it was almost certain that 
most of the forest would be flooded. In the post- 
I luntc period to the present it is likely that there will 



Fig. 7. Relation between peak flow in the River Murray and percentage of the forest flooded (redrawn from Bren et al 
1987a). 
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Fig. 8. Monthly distribution of the mean, 25%, and 75% percentiles of forest flooding for the pre-Lake I tume and post- 
Lake Hume periods (redrawn from Bren ct al. 1987a). 

be substantial flooding in the winter-spring months, 
but this is less certain. 

More recent work has had two threads. The first 
of these is the development of modelling by the 
Murray-Darling Basin Commission (eg Anonymous 
1997). This allows good estimates of what the flow 
in the River Murray at key points would have been 
with and without river regulation. This has allowed 
quantification of much flow change and assessment 


of effects and evaluations of alternative flow man¬ 
agement strategies for water passing the forest. The 
second thread has been the recent application of 
L1DAR technologies to allow forest floor mapping. 
LIDAR involves an aircraft-mounted active sensor 
and can give accurate spatial measurements of the 
height of the forest floor above a datum. This, in 
turn, can be used in large-scale hydraulic models to 
go from river flow estimates to estimates of what 
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happens at a particular site (eg Maunsell Australia 
Pty Ltd 2003). Although both developments offer 
much potential for the future, the sheer work load in 
applying either of these to such a large forest must 
not be under-estimated. The level of computational 
expertise and the “in-house" nature of such tech¬ 
nologies also means that the work and results lends 
to be the “property” of the agency that undertakes 
works, and so can not be independently assessed or 
challenged. 


IMPACTS OF HYDROLOGIC CHANGE ON 
THE VEGETATION 

To a first approximation at least, the vegetation can 
be viewed as the passive receiver of water. By a 
process of natural selection, the vegetation that re¬ 
sults reflects the availability, depth, and duration of 
flooding. Table I below gives an ordering of some 
major vegetation associations that arc found in the 
Barmah-Millewa forest. The classification follows 
the ordering of Chesterfield (1986) and was derived 
by Bren and Gibbs (1986). This table is misleading 
for the more ephemeral vegetation however. Thus 
reference to “moira grass plains” suggests that 
moira grass (Pseudoraphis spinescens Vickery) is a 
“dominant” and “permanent” feature of these areas. 
In fact w'ork by Keith Ward (Personal Communica¬ 
tion) and others has shown that it is anything but this 
- the moira grass comes and goes in a sequence of 
vegetative growth. Thus after a long, wet period the 
sites may be dominated by water milfoil (Myrio- 
pliyllum spp.), which as it dries may pass into moira 
grass, which as this dries may be replaced by other 
grasses, and so on. Nor is there particular evidence 
of “cycling” of species; species certainly come and 
go but not necessarily in a regular procession. A 
more recent and excellent account of the water 
regime of wetland plants found in this area is given 
by Roberts and Marston (2000). 

For much of the “forest” the most visible plant is 
river red gum. For humans at least this gives the for¬ 
est its characteristic look and feel an open forest, 
with large, old trees intermixed with slim, clean re¬ 
growth and grass underneath. Almost uniquely for 
Australian forests there arc no other woody species 
growing in many areas; this in turn makes the forest 
very open. It has been well-established (eg. Dexter 
1978) that the vigour and growth of the red gum re¬ 
flects flooding - in general, the more flooding the 
more vigorously the trees will grow. However the 


trees are able to withstand long periods of drought 
and arc not particularly sensitive indicators of hy¬ 
drologic change (although the vigour, colour, and 
density ot the crown may reflect the state of moisture 
stress). In contrast, the understorey will also reflect 
the flooding history and, for much of the forest, hy¬ 
drologic changes equate to changes in the under- 
storey. Thus a moira grass understorey may be 
replaced by warrego summer grass, which in turn 
may be displaced by bare ground...etc. In some 
cases the flooding Ircqueney has dropped enough to 
allow invasion by weed species. However these 
changes arc also masked by the dynamics of the veg¬ 
etation. Thus good rains will induce a flush of 
grasses, reflecting a sccdbank of vegetation. Hence 
valid observations need a good, long-term base to be 
used for inference. 

We can, however, find more permanent indica¬ 
tions of change in areas at the margins of red gums’ 
existence. These are usually the very driest and the 
very wettest areas. In the driest areas red gum is re¬ 
placed by various box species. The change is slow in 
human terms; even stressed mature red gums live for 
a long period by human standards. Further, most of 
the driest areas have already been removed for farm¬ 
ing settlement so there is little evidence of this 
change. At the wetter end of the spectrum however 
things are a little clearer. Two particular effects can 
be noticed in an intricate and intermingled pattern — 
firstly red gum can be Hooded out to the point of 
death, and secondly red gum can be favoured to in¬ 
vade areas ot what were hitherto natural grasslands. 

T he first effect - death by excessive inundation 
- was noticed relatively soon after the introduction 
of river regulation around 1936. High river flows 
and rainfall rejection flows caused almost perma¬ 
nent flooding of the lowest areas adjacent to the 
river (eg. St Helena Swamp in NSW). The trees ul¬ 
timately appear to develop tyloses (blockages in the 
wood vessels), fungi invades the wood, and the trees 
die (ironically of drought stress because of loss of 
water-conducting tissue). 

I he second flood-related change affects one of 
the (arguably) prettier ecosystems - the “Moira 
Grass Plains”. Fig. 9 gives a view across such a 
plain. Fig. 10 shows the same area of “Moira Grass 
Plains’ in 1947 and 1984. The 1947 photograph 
shows the process of digitate delta formation on 
these plains associated with sediment deposition. 
The second photograph shows “invasions” of the 
plains by regrowth red gum. Bren (1992) examined 
this process and found that the plains are a dimin- 
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ishing ecosystem, and this process has not reversed 
in the years since then. Although it is hard to be cer¬ 
tain of “cause and effect” the factors could be 
viewed as: 

1: Grazing has diminished the density of the 

grass on the plains. In natural situations Moira grass 
is a fierce competitor for moisture and young red gum 
seedlings can usually not survive the competition. 
Thus diminishment of the density reduces this factor. 
2: Summer flooding has assisted the young 

trees to survive through the heat of summer. Dexter 
(1978) showed clearly how difficult this is for young 
trees in an entirely natural environment, and 
3: The reduced winter-spring flooding has 

again allowed young trees to survive in what once 
were high flood frequency sites. Again the work of 
Dexter (1978) showed the difficulty for trees in sur¬ 
viving complete inundation. Reduced flood depth 
and duration has made it possible. 

In terms of probability of survival of an individual 
seedling, the change is small, but because of the vast 
amount of seeds shed, the impact is substantial. The 
net result is that much of this interesting ecosystem is 
being extinguished by invading red gums. The predic¬ 
tions of Bren (1992) were that by 2056 the ecosystem 
would have effectively ceased to exist, and that seems 
to be coming true. Thus the large areas of grass plain 
are being replaced by a more intimate ecosystem of 


plains and trees. This has caused concern and a num¬ 
ber of schemes have been considered to reverse this. In 
particular a trial was made of fuel-reduction burning 
in 2000 (“Project Firestick”) to sec whether this would 
kill seedlings (Bren and Acenolaza 2003. unpublished 
report). Two difficulties in this strategy stood out. The 
first was of having enough fine fuel-load in the grazed 
grass plains to sustain an adequate fire intensity for 
fuel-reduction burning. The second was of finding a 
“window” in which to burn between the cessation of 
the fire-season and irrigation season and the onset of 
winter-spring flooding in these areas. In the “Project 
Firestick” trial, fuel had to be carted to the burning 
plots to sustain combustion. Unusually high winter 
flooding following the burning trial killed seedlings 
on the controls as well as any surviving seedlings on 
the burnt plots so the results were not conclusive as to 
whether burning would make a good ecological strat¬ 
egy (assuming it was feasible). Other suggestions in¬ 
clude clearing or cutting the regrowth invaders but this 
hardly seems commensurate with conservation values 
in a national park. 

More recent work has focussed on smaller ele¬ 
ments of the vegetation. Particularly seminal in this 
area is the work of Robertson et al. (1999) looking 
at the transformation of organic carbon in Australian 
flood plain rivers and using the Barmah Forest to in¬ 
vestigate and follow such changes. This work fo- 


Flood Frequency 

Class 

Vegetation Alliance 

Approximate 

Flooding 

Frequency, 
n in 22 years 

%of 

Area 

Very high 

Giant rush 

16-19 

1.8 

High 

Moira grass 

Red gum and moira grass 

Red gum regeneration 
on plains 

15-18 

23.4 

Moderate 

Red gum in conjunction 
with sedge, warrego grass, 
wallaby grass, and swamp 
wallaby grass in various 
combination. 

12-16 

57.7 

Low 

Red gum & introductions 

Red gum, wallaby grass 
and spike rush 

Yellow' box and black box woodlands 

6-10 

17.1 

Giant rush (Juncus ingens N.A. Wakefield), Moira grass (Pseudomphis spinescens (R.Br.) J.W. Vickery, sedge (Cenex 

tereticaulis F. Muell). Warrego summer grass (Paspalidium jubiflorum (Trin) D.K. Hughes), wallaby grass (Danthonia 

racemosa R.Br.), swamp wallaby grass (Amphibromus neesii Steud), spike rush ( Eleocluiris acuta R.Br), yellow box 
(Eucalyptus melliodora A. Cunn. Ex Schauer), black box (Eucalyptus largiflorens F. Muell.) 


Table I. Vegetation associations delineated by Chesterfield (1986) grouped by their characteristic flood frequencies. A 
fuller enumeration of the alliances is given in Bren & Gibbs (1986). 
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Fig. 9. View across a moira grass plain at the time of flooding. 


cuses on the role of natural flood regimes in stimu¬ 
lating bacterial growth associated with decomposi¬ 
tion. Indicators used are biofilms - thin layers of 
microbial matter forming on woody debris and the 
forest floor as a result of inundation. These provide 
“feeding matter" for a diversity of life forms found 
on the forest floor. The direction of this work also in¬ 
dicates an enhanced and increasing interest in non¬ 
commercial biota in the forest. 


HYDROLOGIC CHANGE INDUCED 
WITHIN THE FOREST 

Clearly the hydrology of the forest can be viewed, to 
a first approximation, as a “forced function” of the 


River Murray flows. However there are various fac¬ 
tors internal to the forest that can also change the hy¬ 
drology of the forest and these can be quantified to 
some extent. 

First of these is the hydraulic properties of the 
network of channels carrying water from the River 
and through the forest at times of moderate floods. 
These waterways probably also transmit most of the 
water at higher flows but can not be distinguished 
easily since the water surface becomes a large sheet. 
Sediment deposition and scouring would influence 
their conveyancing ability, but a major determinant 
must be the flow of large, woody debris into these. 
This would provide hydraulic roughness and greatly 
retard the ability of the channels to transmit water into 
the forest or convey water out of the forest. Related to 
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Fig. 10. Comparison of the forest-grass edge of an area of moira-grass plain in 1947 and 1984. The invasion of red gum 
can be clearly seen. Photographs courtesy of the then Department of Property and Services of the Victorian Government. 


this is the question of whether water passing into a 
forked junction favours one branch or the other. The 
hydraulics of behaviour at forks in channels is not 
well-explored and appears to depend on a delicate in¬ 
terplay of factors, but is particularly influenced by 
small changes in water turbulence (although the phe¬ 
nomenon is hardly explored in hydraulic literature). 
Thus you could view this channel network as being a 
chaotic system in which, irrespective of how similar 
the human inputs might be, the behaviour (in the 
sense of where the flow ends up) would differ over 
time because of the additions and removals of large 
organic debris. One can certainly show that the up¬ 
stream turbulence (which is a function of the woody 
debris) will play a major role here. 

Second is the question of hydraulic resistance of 
the forest to flow. A personal opinion is that the for¬ 
est is much more freely draining than it used to be. 


reflecting that the lower flood frequencies have re¬ 
duced the area of reeds and rushes along the water¬ 
ways. Thus water can leave the forest and return to 
the river more easily than it once would have. Again 
the flow of large woody debris into channels and on 
the forest floor would pay a large role here. One can 
also define many other factors such as whether the 
soils are cracked or closed at the time of flooding, 
regrowth versus old growth, and vigour of grass 
swards that may influence this, but more research 
needs to be done. 

Third is the ease of making inadvertent change 
to the channel network of the forest. Fig. 3 illustrates 
that the level of a culvert invert can have a big in¬ 
fluence on whether a portion of a forest receives 
flooding. Throughout European occupation of the 
forest, people have been digging channels here and 
blocking channels there to facilitate some short- 
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term goal. Thus timber-harvesters would often block 
waterways to extend their logging season, hunters 
would block drainage from a pond to facilitate bird¬ 
breeding, and settlers would block waterways to stop 
flooding of their land. These blocks would usually 
not be removed. In most cases the subsequent floods 
would rearrange things, hut in some cases there is 
known to have been a definite influence. This could 
be viewed as a chaotic pattern of modification 
which can certainly modify the environment of 
some areas. 


ENVIRONMENTAL FLOWS AND 
REGULATED WATERINGS 

There have been three approaches to overcoming the 
issues associated with River Murray changes. The 
first is the use of small earthen walls (“low banks”) 
to contain and channel flow. The second is “man¬ 
aged floods” using an environmental flow supple¬ 
ment. The third is to “dry out” wetlands to attempt 
to reproduce the natural intermittency of flooding. 
Each of these is incorporated to some extent in the 
Barmah-Millcwa Forum (2003) annual plan. 

Low Bank Works 

In the natural situation water flowing into the forest 
would either infiltrate or flow away. A low bank is a 
small earthen wall strategically placed so that added 
water will remain in place and infiltrate or give the 
plants time to absorb it. These have been used with 
moderate degree of success. Typically the “water¬ 
ing” is done in summer and autumn when the areas 
arc accessible. Water is added, preferably by using 
the hydraulic head of the water to allow it to flow in. 
The water remains ponded until the watering is 
judged as sufficient, at which point it is drained off 
using a water-gate. The technique docs require ex¬ 
tensive but low-level earthworks including mainte¬ 
nance of channels and construction of earthen walls 
at a uniform, appropriate height. For optimum use 
there is a need for excellent record keeping and for 
skilled staff members to manage the watering. Al¬ 
though effective in stimulating tree growth, the 
method is quite expensive and requires a consider¬ 
able labour input (Maunsel! Pty Ltd 1992). Perhaps 
a major drawback of the technique is that it caters 
for the red gum trees but does not have the same 
beneficial impacts on the understorey. Construction 


of the earthen structures can be a source of distur¬ 
bance. 


Managed Floods 

The Murray-Darling Basin Commission has allo¬ 
cated (potentially) an environmental flow of 100 GL 
year 1 (measured passing through Tocumwal). The 
use of this water is governed, however, by complex 
rules as to when it can be released and the rate of 
transmission downstream to avoid flooding of farm¬ 
land and erosion of river banks. This water, when 
added to existing flow, would raise the head of river 
water, allowing it to pass into the forest and “water” 
areas that would otherwise not be watered under the 
current flood regimes. Major releases were made in 
1998 and 2000. In the latter case there had been an 
intense but short-lived flood from the Ovens River. 
The purpose of this “top-up” release was to slow 
down the recession in the forest and to push water 
further into the forest than it would have otherwise 
gone. The combination of natural flooding and the 
environmental release resulted in 91% of the 
Millewa Forest and 85% of the Barmah Forest re¬ 
ceiving an inundation. There was also a successful 
breeding of colonial water birds in 2000/2001 
(Barmah-Millewa Forum 2001). 

Managed floods have a role in reducing the im¬ 
pact of river regulation, but at best they are hedged 
in by many compromises to do with limiting flood¬ 
ing of non-forest areas, availability of water, “priori¬ 
tising areas”, and the difficulty of creating a 
high-enough flow to push water to more remote 
parts of the forest. The subject requires a consider¬ 
able amount more work. 


Managed Drying Out of Wetlands 

The higher summer and autumn water levels have 
led to high water levels in directly-connected la¬ 
goons such as the Moira Lakes. The result has been 
that the deeper, permanent water has led to the elim¬ 
ination of intermittent wetland species. The water 
has become too deep for many water birds to use ef¬ 
fectively. Leslie (1995) showed the historic biodi¬ 
versity productivity of these lakes prior to river 
regulation. The loss of this productivity associated 
with river regulation must be viewed as a major en¬ 
vironmental change. A major project on the northern 
Moira Lake has been to restore a "drying out” phase 
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by building water exclusion structures along the 
inlet channels. This has led to significant vegetation 
changes, although the full significance has yet to be 
assessed. Although such drying out may be viewed 
as a “move towards returning to a natural flooding 
regime" there are many difficulties in implementa¬ 
tion including cost of construction and operation, 
loss of irrigation water storage, resistance by people 
who had become accustomed to the permanent in¬ 
undation, and differences in the expected and the 
observed response of the dried-out wetlands. 

Increased Diversion Capacity 

In recent years additional regulators have been built 
to allow water freer entry into the forest; in particu¬ 
lar the “Mary Ada" regulator allows about the same 
entry capacity into New South Wales as the “Gulf” 
regulator allows in Victoria. Experience has also 
been gained in NSW in husbanding flows to certain 
areas of the forest using channels, culverts, and 
water gates so that areas of the forest "get a drink." 

Over the last decade there has been a large 
amount of work on development of forest watering 
plans (eg. Barmah-Millewa Forest Water Manage¬ 
ment Plan 1998). Associated with this has been 
work on distribution of flood waters, studies of spe¬ 
cific Hoods, and examinations of the “environmen¬ 
tal water allocation" for the forest. These give a 
reasonably guaranteed future forest watering regime 
for at least some of the forest. 


DIRECTIONS FOR FUTURE RESEARCH 

For the keen researcher there are a number of direc¬ 
tions that might be explored: 

1: The use of new, laser-measured topographic 

data in hydraulic models and comparisons with field 
measured data should yield good insights into how 
water behaves as it enters and leaves the forest. A 
major difficulty in this approach has been and will 
be “verification” of the resulting model. 

2: Continuation of measurements of ground- 

water levels in the forest, and studies of the impact 
of groundwater pressures on the water economy of 
both the trees and understorey. Quantification of the 
role of cracking in the water economy of the forest 
would add much to our understanding. 

3: Long-term observations of vegetation 

change and relation of these changes to causes. 


4: Measurements of the behaviour of water in 

the forest at various flood levels, including the ques¬ 
tion of factors influencing the behaviour at water 
forks, and the hydraulic resistance of forest and as¬ 
sociated channels. 

5: Simulations of what might be achievable 

with use of environmental flows; in particular, can 
these be used to “water” more remote parts of the 
forest. 

6: Elucidation of the paleohydrologic factors 

that led to the formation of the forest, and the role of 
past and future climate change in the existence of 
the forest. 

On a more philosophic note, there is the ques¬ 
tion of what a “natural red-gum” forest is and 
whether a managed watering regime can “mimic” 
the natural regime. One could even ask whether this 
is a desirable goal if a “natural” River Murray is no 
longer possible. We can not pretend that any of these 
research topics would be easy to undertake. 

THE WAY FORWARD 

In general, there is no lack of goodwill towards the 
forest by other water users. The basic issues associ¬ 
ated with long-term environmental changes in the 
red gum forests relate to the value or necessity of ac¬ 
cess to water for downstream communities, coupled 
with major potential changes in the climate. These 
can be crystallised into a number of points: 

1: A desire to overcome the flow restriction 

posed by the Barmah Choke, so that water can be 
moved from upstream reservoirs to downstream 
consumers at a higher rate. At the moment this is ef¬ 
fectively a 12,000 ML day 1 rate before the forest be¬ 
comes flooded. Alternatives suggested include 
increased bypass capacity by channels running 
around the forest. This in turn would have serious 
ramifications for the reaches of the river affected. 

2: A rainfall pattern which may be exhibiting 

long-term changes, such that the rainfall regime of 
the last century is not representative of the regime of 
the coming centuries. 

3: A strong desire for conservation of the for¬ 

est area and associated ecologies, and to protect 
them from further ecological change. This is partic¬ 
ularly manifesting itself in a move away from man¬ 
agement of the forest for wood production in favour 
of biodiversity management. 

4: The realisation that water is a very valuable 

resource, the development of trading rules for water. 
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and the desires by communities to extract more 
water from the River Murray to enhance economic 
growth. 

These pose a number of significant issues for 
the forest and river managers. Most important is the 
philosophic question of whether a Hood regime that 
mimics a pre-Hume Reservoir flood regime is either 
achievable or desirable. An alternative would be to 
allow the forest to reach some sort of “equilibrium” 
with the evolving river (and associated flood) 
regime. Related to this is a series of technical ques¬ 
tions as to whether such a flood regime is possible 
on grounds of water availability and the problems of 
water distribution. It will be interesting to see which 
way the community moves on such complex and in¬ 
tertwined matters. 


CONCLUSIONS 

The Barmah-Millewa forest ecology is intimately 
linked to Hooding from the River Murray. This flood¬ 
ing provides much of the water for transpiration by 
the plant alliances. The flooding, in turn, is linked to 
the subdued but very real topography of the forest, 
giving a quite strict zonation of the communities. 
Because of other community values placed on the 
flow of the river, this has led to changes in the flood¬ 
ing regime. In particular, small summer floods fre¬ 
quently occur due to the lack of “air-space" in the 
river and regulating storages. Thus unplanned flows 
associated with rainfall or irrigation rejections flood 
the forest. Equally the substantially larger winter¬ 
spring flooding has been diminished because of the 
need to store water for irrigation. The result of this is 
changes in the ecology, including a diminution of 
vigour in the lower flood frequency parts of the for¬ 
est, and a change in understorey species. In some 
cases red gum has invaded sites that would have once 
been inaccessible to it because of grass competition. 
Although the forest is clearly changing as the river 
changes, there are interesting philosophical ques¬ 
tions as to whether management should attempt to 
conserve the forest in a pre-regulation model, or ac¬ 
cept a changing water use and ecology. 
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WARD. K.A. 2005. Water management in the changing Barmah-Millewa wetlands. Proceedings of the 
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Rapid and widespread vegetative and faunal composition change is now clearly evident in the 
Barmah-Millewa wetland system. Alteration to natural flooding regimes, brought about by flow regula¬ 
tion of the River Murray, remains the primary cause. Environmental water allocations serve to assist in 
alleviating some of the stress to a limited range of biota. A stronger focus on providing additional water 
resources to the wetlands, and on improving complimentary management actions, is increasingly being 
applied. Success in achieving some ecological objectives such as successful breeding of colonially-nest- 
ing waterbird species and maintaining the extent of the Moira Grass plains arc discussed, with some 
challenging results. 

Key words: Barmah-Millewa. wetland. Hood regime. River Murray, environmental water allocation 


FLOODPLAINS are dynamic, changing environ¬ 
ments. The natural rate and direction of change can 
be highly variable, with biotic and abiotic influ¬ 
ences, such as hydraulic regimes interplaying with 
fluvial dynamics, changing vegetation zonation and 
habitat availability in space and time (Blanch et al. 
1999; Bren & Gibbs 1987; Currey & Dole 1978; 
Puckridge et al. 1998; Rutherford 1990). However, it 
is often the departure from ’natural' variability, or 
even ‘desired’ variability, and the consequences that 
this brings to a multitude of human-valued issues on 
the floodplain, which drives management activities 
towards stabilising the system, or at least reducing 
their rate of change. 

Altered vegetation zonation, composition, struc¬ 
ture or abundance is of concern more than just from 
potential visual amenity loss. The fracturing of con¬ 
nectivity between healthy wetlands will serve to limit 
the ability for many aspects of‘natural biodiversity’ 
to rebound from the disturbance (Young 2001). 

The Barmah-Millewa wetland system, located on 
the Murray River floodplain between the townships 
ol'Tocumwal, Dcniliquin and Echuca, is a substantial 
reserve exhibiting many characteristics of ecosystem 
change. The site is experiencing well-documented 
biodiversity alterations in the face of competing re¬ 
source demands. Considerable management effort 
and resources is increasingly being directed towards 
improving the general ecological health of the area. 
Some successes in improving the health and viability 
of various focal, or flagship, species are being expe¬ 


rienced, while improvement in knowledge continues 
to be gained through research, monitoring and adap¬ 
tive management techniques. 

The values and threats to the Barmah-Millewa 
wetland system will be outlined, strategics identified 
and management actions highlighted which are part 
of attempts to maintain this site as one of the very 
special regional assets. 

VALUES 

The Barmah wetland system contains examples of at 
least four of Victoria’s eight wetland categories, in¬ 
cluding some of the state’s most depleted wetland 
types: 15% of the remaining freshwater meadow' and 
13% of the remaining shallow freshwater marsh in 
the state (DSE 2003). The site is also recognised 
under the Convention of Internationally Significant 
Wetlands (DSE 2003) and is listed on the Register of 
the National Estate (DEM 2005). 

Three waterbird species that occur at Barmah- 
Millewa are protected under the Japan-Australia Mi¬ 
gratory Bird Agreement (JAMBA) and six species 
under the China-Australia Migratory Bird Agree¬ 
ment (CAMBA). Additionally, 49 fauna species and 
32 flora species listed as threatened in Victoria are 
known to reside in Barmah Forest alone (DSE 
2003). Of these, three fauna species and five flora 
species are listed as threatened in Australia (EPBC 
1999, as cited in DSE 2003). 
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Approximately 400 indigenous species of plants 
have been recorded in the Barmah reserve alone, 
with around another 160 species being exotic (DCE 
1992; DSE 2003). Most of the exotic species exist as 
grasses or herbs occurring on disturbed higher 
ridges within the forest, with the bulk of the wetland 
biomass represented by indigenous species. 

The structure of the forest is different from most 
other Eucalypt forests that tend to be dominated by 
two different Eucalypt species. Barmah-Millcwa, 
being representative of the mid-Murray floodplain 
region, is instead dominated by mono-specific 
stands of River Red Gum ( Eucalyptus camaldulen- 
sis Dehnh.) as the Red Gum is the only species that 
can tolerate the duration of flooding and inter¬ 
spersed dry periods that is usually experienced on 
the floodplain. However, Grey Box {Eucalyptus mi- 
crocarpa Maiden) tends to replace the Red Gum on 
higher elevated ridges that rarely flood, while Yellow 
Box ( Eucalyptus melliodora A. Cunn. ex Schau) oc¬ 
curs on the sandier and freer-draining soils and 
Black Box {Eucalyptus largijlorens F. Muell.) exists 
in the infrequently flooded wetlands with heavy clay 
soils. 

The other unusual aspect of the forest is that it 
generally lacks a shrub understorey. Only 40 species 
in the forest have a tree or shrub habit, hence the 
vast majority of the species diversity is comprised of 
forbs and herbs (DCE 1992). Approximately 60 dis- 
cernable vegetation ‘communities’ have recently 
been mapped in the Barmah Forest (Frood in prep.), 
providing detail to the nine Victorian Ecological 
Vegetation Classes (EVCs) that have been mapped 
for the site (DSE & GBCMA 2005). 

Barmah-Millewa wetlands are renowned for 
providing important feeding, roosting and breeding 
areas for a wide variety of waterbird species (Loyn 
et al. 2002). The wetlands support one of Victoria’s 
largest Australian White Ibis ( Threskiornis aethiopi- 
cus Latham) and Straw-necked Ibis (Threskiornis 
spinicollis Jameson) breeding colonies, with impor¬ 
tant numbers of Yellow-billed Spoonbill ( Platalea 
Jlavipes Gould) and Royal Spoonbill (Platalea regia 
Gould) also breeding regularly. Various cormorant 
(Phalacrocorax spp.) and egret ( Ardea spp.) species 
also bred in small colonies, while a large number of 
other waterbird species bred more diffusely through¬ 
out the wetland system. 

The Barmah-Millewa wetlands and their pro¬ 
duce are also highly valued for their cultural her¬ 
itage, recreation, tourism and economic values 
(DCE 1992; Stone 1991). 


THREATS 

The primary threat to the environmental values of 
the Barmah-Millewa wetland system is altered hy¬ 
drologic regimes. Pest plant and animals, resource 
utilisation (such as grazing and logging), altered fire 
regimes and recreation can also play various con¬ 
founding roles (DCE 1992; DSE 2003; DSE & 
GBC’MA 2005). 

Altered flooding patterns from the River Murray 
began as early as the 1920s when various major irri¬ 
gation developments began (Jacobs 1990; Thoms 
1995). The major impacts for the Barmah-Millewa 
wetland systems have been the construction of up¬ 
stream reservoirs that capture the bulk of high winter¬ 
spring flows to release for downstream consumptive 
use primarily in spring-summer. The two biggest im¬ 
pacts arose following the construction of Hume 
Reservoir in the late- 1920s/early- 1930s, including in¬ 
creases in capacity in the 1940s, 50s and 60s, and 
Dartmouth Reservoir in the mid- to late-1970s. 

For the Barmah-Millewa wetland system, river 
regulation has reduced the frequency, duration and 
inundation area of winter-spring floods, altered the 
timing of floods, increased the frequency of smaller 
summer floods, and reduced variability in flood 
flows (Bren 1987, 1988; Chong & Ladson 2003; 
Thomson 1993). Alterations to the structure and 
composition of the vegetation communities, espe¬ 
cially the loss of large open plains dominated by 
Moira Grass (Psuedoraphis spinescens (R. Br.) 
Vickery), have been documented (Bren 1992; 
Chesterfield 1986; Dexter ct al. 1986). 

Similar accounts have been recorded from sig¬ 
nificant reduction in fisheries, waterbird breeding 
and other faunal elements (such as lower number of 
snakes, leeches, etc) (Leslie 1995, 2001; King this 
issue). 

STRATEGIES 

In response to increasing concern over biodiversity 
loss and reduced economic, social and cultural val¬ 
ues, a range of strategies for improved management 
of the Barmah-Millewa site have been prepared and 
progressively implemented (DSE & GBCMA 2005; 
Young & Mues 1999). 

Most effort and advances for the Barmah- 
Millewa wetlands has been focused on improved 
water management. Leitclt 1988, Ward et al. 1994, 
CRG 1994, Leslie & Harris 1996, MWEC 1997, 
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BMF 2000, SRP 2003, and DSE & GBCMA 2005 
are just a selection of the range of plans and strate¬ 
gies that have all made various contributions to the 
current water management activities in the forest. 

The specific allocation of 100 GL per year of 
high security water to the Barmah-Millewa wetlands 
marked a pivotal point in water management history 
for the forest, especially when first used in 1998 
(Maunsell McIntyre Pty Ltd 1999). The subsequent 
increase in allocation of an additional 50 GL of 
lower security allocation (statistically available in 
about 75% of years), with carry-over rules to permit 
accrual up to 700 GL (MDBMC 2001), means sig¬ 
nificantly improved opportunities for wetland man¬ 
agement in the forest. Although these volumes 
appear to be large, they represent a small proportion 
of the river storage and flow. Greater than 90% of 
the flow returns to the river system after it passes 
through the Barmah-Millewa wetlands, which 
means the bulk of the volume is potentially available 
for irrigation consumptive use downstream. 

A suite of specific ecological objectives for the 
use of environmental water in Barmah-Millewa wet¬ 
lands continue to be defined (DSE & GBCMA 
2005; MDBC in prep.), though practice to date has 
concentrated largely on maintaining suitable breed¬ 
ing conditions for colonially-ncsting waterbirds 
(Webster 2004). Other benefits to Moira Grass 
plains have also been noted and generally support 
the flood duration decisions. 


APPLICATION 

1998 flood 

The Barmah-Millewa environmental water alloca¬ 
tion was first used in 1998 when 97 GL was pro¬ 
vided to supplement a minor spring Hood in the 
forest (Campbell 1998; Maunsell McIntyre Pty Ltd 
1999). The release was made in an attempt to pro¬ 
long the inundation of wetlands following a very 
short natural flood event in September, the first for 
22 months. Although the river peaked at a flow rate 
of 91 300 ML per day downstream of Yarrawonga, 
the flood could at best be described as ‘thin’ in that 
the hydrograph shows the flood as rapidly rising 
then falling within a week. Attenuation of the Hood 
peak (’ii route to the forest (eg, peaking at 70 500 
ML per day at Tocumwal only three days after pass¬ 
ing Yarrawonga), and then further attenuation within 
the forest, meant that the flooding extent in the wet¬ 


lands reflected a flood of much lesser river peak. 
However, the subsequent release of environmental 
water did enable continued low level flooding to 
occur with flows of around 16 000 ML per day being 
managed in the river for three weeks. 

Unfortunately no follow-up rainfall occurred to 
replace the need for continued releases of environ¬ 
mental water to maintain the flooding, at which time 
the water entitlement account was exhausted and 
hence the special releases stopped. Despite many 
species of wetland flora and fauna responding bene¬ 
ficially towards the 1998 enhanced flood event, the 
period of inundation and depth was insufficient to 
achieve all of the desired ecological objectives 
(Maunsell McIntyre Pty Ltd 1999). 

2000-01 flood 

The second use of the environmental water alloca¬ 
tion was in spring 2000, extending into mid-summer 
of January 2001, when a total of 341 GL was pro¬ 
vided from a range of environmental water accounts 
to supplement a series of large spring flooding 
events in the forest (BMF 2001; Maunsell McIntyre 
Pty Ltd 2001). The first natural flood arose in late 
September from the Ovens River catchment and 
when added to Hume Reservoir pre-releases pro¬ 
duced a peak downstream ofYarrawonga cf 68 000 
ML per day. The second natural flood peak occurred 
in November from the Hume catchment and resulted 
in a peak out How downstream ofYarrawonga Weir 
of 88 000 ML per day. Both peaks were associated 
with ‘fat’ floods, as the hydrograph shows the peaks 
to be associated with prolonged flooding flows (i.e., 
occurring for long enough to cause natural overbank 
flows to persist for months). The environmental 
water was released and managed in various parcels 
to reduce the rate of recession in the river Hows and 
thereby prolong inundation of the wetlands of 
Barmah-Millewa (Fig. I). 

This type of active water management approach 
is locally known as filling ‘holes’ in the river, and is 
employed to slow the recession of Hoods that river 
regulation now otherwise causes to recede more rap¬ 
idly and frequently than under natural conditions. 
The major aim of slowing the recession of Hooding 
is often to prevent breeding waterbirds from aban¬ 
doning their nests if wetland Hooding were to 
sharply subside. 

The water management actions undertaken in 
2000-01 represented the largest release of environ- 
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Fig I. River Murray flows downstream of Yarrawonga Weir. June 2000 to January 2001. 


mental water yet made in Australia, and supple¬ 
mented a one in five year flood event. The timing 
and management of the environmental water alloca¬ 
tion yielded the best waterbird breeding outcome for 
many years, being more reflective of a one in ten 
year event, with some waterbird species having 
breed in the wetlands for the first time in 20 years 
(Leslie & Ward 2002). A similarly good result was 
found to occur from monitoring projects being un¬ 
dertaken at the time on fish, frogs and vegetation in 
the flooded region (BMF 2001; Ward 2001). 

The use of the environmental water allocation 
in 2000-01 also highlighted a range of water man¬ 
agement issues that continue to challenge natural 
resource managers. Supplying environmental water 
allocations at the desired times and volumes for the 
Barmah-Millewa wetlands will often necessitate ex¬ 
ceeding river channel capacity downstream of 
Hume Reservoir, and hence flooding some low 
lying freehold pastoral land. In the 2000-01 flood 
event, the Murray-Darling Basin Commission 
(MDBC) authorised over-bank flows in the Hume 
to Yarrawonga reach for some days in late Novem¬ 
ber and early December during a period of coinci¬ 
dent high irrigation demands at Yarrawonga and 
high FAVA flows for the Barmah-Millewa wetlands. 


Retrospective compensation in the form of ex gra¬ 
tia payments for some affected landholder claims 
were made following the 2000-01 event (BMF 
2001; Maunsell McIntyre Pty Ltd 2001). Most of 
the initial claims were for inundation and loss of 
grazing feed, interrupted access, forced sale of 
stock, interrupted bridge construction and loss of 
passing trade, though the major dollar payments on 
this occasion were made for the later two issues 
(Maunsell McIntyre Pty Ltd 2001). 

Acquisition of a flood easement over the land 
between Hume Reservoir to Yarrawonga Weir is cur¬ 
rently being negotiated to confirm the MDBC’s right 
to pass flows up to 25 000 ML per day, with the in¬ 
tent of The Living Murray Initiative to investigate 
greater flood easements in the 25 000-45 000 ML 
per day range for environmental flow delivery 
(B. Campbell pars. com. ). Acquisition of the higher 
easements of at least 40 000 ML per day will be re¬ 
quired to achieve many of the ecological objectives 
that have been set for the downstream wetlands, 
though this may be some time off, if at all. As such, 
unless 'compensation' is again to be paid for man¬ 
aged environmental flooding, only the lowest lying 
sections of the Barmah-Millewa wetlands can be tar¬ 
geted for environmental water allocations. 
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The 2000-01 flood event also highlights the crit¬ 
ical importance of the largely unregulated Ovens 
and Kicwa River catchments upstream of the 
Barmah-Millewa wetlands. The frequency, depth 
and duration of flood events experienced by the 
floodplain from the Kicwa outfall to the Barmah 
Choke would be further diminished if these two 
catchments were ever to be regulated. It therefore re¬ 
mains a strong imperative to ensure that both the 
Ovens and Kicwa catchments remain ‘open'. 

Although the Barmah-Millewa environmental 
water allocation has not yet been used since 2000- 
01, the annual allocation of water continues to 
accumulate in storage until required, either when 
triggered by particular flow events or called upon by 
state agency resource managers for special environ¬ 
mental purposes, or it can be spilled from storage if 
Hume Reservoir overflows (MDBMC 2001). The 
current volume that has been accrued and now avail¬ 
able for use in Barmah-Millewa wetlands is 500 GL. 
with release likely to be next year unless triggered in 
the interim (and depending upon pay-back rules as¬ 
sociated with the current loan of a volume of the ac¬ 
crued environmental water allocation to NSW 
irrigators) (NRE 1999; MDBMC 2001). 

Other water management activities can and do 
occur in the absence of formal releases of environ¬ 
mental water allocations. All ‘seasonal' (winter¬ 
spring) flows exceeding channel capacity through 
Barmah-Millewa are directed to wetland environ¬ 
ments where most required. ‘UnseasonaT (summer- 
autumn) flows are generally managed away from 
sensitive wetland environments that are otherwise 
meant to be experiencing natural dry cycles. 

2002 event 

Very occasionally, the opportunity exists to pass 
high irrigation level flows through restricted areas of 
the forest by agreement with River Murray Water. 
One such event occurred in the spring of 2002 dur¬ 
ing a transfer of large volumes of water from llumc 
Reservoir to Lake Victoria near the South Australian 
boarder due to continuing drought conditions and 
the need to maintain water supply to the lower Mur¬ 
ray system, including Adelaide (O’Connor & Ward 
2003). At the time there were high irrigation de¬ 
mands, which meant the channel flow was at bank 
full so the additional water spilled into the low lay¬ 
ing topography of the Barmah-Millewa environment 
and passed through selected Barmah Forest water¬ 


ways that outfall back into the river channel down¬ 
stream of the Barmah Choke (O’Connor & Ward 
2003; Abuzar & Ward 2003). 

A predicted colonial bird breeding event oc¬ 
curred because of the suitable constant low-level 
flooding through the traditional breeding sites, de¬ 
spite the otherwise drought conditions in the region. 
Although the higher level transfers were concluded 
by early December 2002, appropriate ponding levels 
were maintained by supplying targeted low flows 
into early February until the colony of predomi¬ 
nantly Australian White Ibis and Royal Spoonbill 
successfully fledged (O'Connor & Ward 2003). 

Although targeted water management activities 
have achieved some good waterbird breeding results 
over the past decade, other breeding attempts have 
been known to fail due to premature flood subsi¬ 
dence or lack of appropriate flooding (O'Connor & 
Ward 2003; Webster 2004). Furthermore, modelling 
of various waterbird breeding preferences by Leslie 
(2001) shows that there exists very probable local 
breeding extinctions of some species (such as 
egrets) as a result of reduced flooding regimes. 
Channel capacity constraints, and inadequate vol¬ 
umes of environmental water, mean that the required 
flood regimes can often not be achieved. 

Alterations to the composition, health and distri¬ 
bution of various vegetation communities continue 
to occur in the Barmah-Millewa wetlands (personal 
observation, with photographic evidence). Most ap¬ 
parent is the continued reduction in extent of Moira 
Grass plains from encroachment by River Red Gum 
and Giant Rush (Juncus ingens N.A.Wakef.), despite 
stated management aims and actions intended to 
prevent this from occurring (Ward et al. 1994; CRG 
1994; MW EC 1997; NRE 1999; BMF 2000; SRP 
2003; and DSE & GBCMA 2005). Detailed map¬ 
ping of the understorey vegetation in the forest is 
nearing completion, and combined with other analy¬ 
sis of available information, is expected to permit a 
refined ability to document and monitor vegetation 
response trends. 


THE FUTURE? 

Improved water management and coordinated com¬ 
plimentary management actions continue to be 
strengthened (DSE & GBCMA 2005; GBCMA 
2003). The introduction of water reforms in Victoria 
(DSE 2004) and the MDBC’s Living Murray Initia¬ 
tive (MDBC 2004) provides some promise towards 
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improving the future of wetland environments such 
as Barmah-Millewa. This will mainly be achieved 
via increased opportunities for improved environ¬ 
mental water management within the existing 
regulated systems, the provision of additional water 
volumes, and funding to support better infrastruc¬ 
ture, research and monitoring programs to facilitate 
better environmental outcomes. However, much 
more is required especially with continuing drought 
conditions and forecast green-house impacts of re¬ 
duced rainfall for this region (DSE 2005). 

A precautionary approach to natural resource 
management has to be undertaken (Rogers ct al. 
1997). Trends of diminishing environmental values 
within the Murray-Darling Basin and beyond arc nu¬ 
merously reported with few contradictory records. 
If we cannot get wetland management right in such 
a ‘relatively’ easily-managed location as Barmah- 
Millewa, which in itself represents a small fraction 
of the natural wetland estate, then few alternative 
sites exist. The management decisions and actions 
we make today are vitally important. 

Maintaining caps on water diversions, increas¬ 
ing volumes of environmental water allocations, en¬ 
abling higher level flood easements, reducing 
unseasonal flooding, conducting additional research 
and monitoring programs, providing appropriate re¬ 
source allocations, undertaking complimentary 
management actions, and gaining broad community 
and scientific support, are all required if healthy sus¬ 
tainable wetland biodiversity and functioning is to 
be maintained. The challenge is already being ac¬ 
cepted in many ways. 
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JANSEN, A. & ROBERTSON, A. 1„ 2005. Grazing, ecological condition and biodiversity in riparian 
river red gum forests in south-eastern Australia. Proceedings of the Royal Society of Victoria 117(1): 
85-95. ISSN 0035-9211. 

The ecological condition of riparian habitats and the biodiversity of terrestrial birds, wetland frogs 
and herbaceous plants were surveyed in river red gum habitats on the Murruntbidgee and Murray Rivers. 
Sites were classified according to the intensity of grazing by domestic livestock: ungrazed; low grazing 
(<5 DSE/ha/annum); and high grazing (>5 DSE/ha/annum). Declines in the ecological condition of ri¬ 
parian habitats and loss of biodiversity of birds, frogs and plants were clearly associated with increased 
grazing intensity in river red gum habitats. Riparian condition differed significantly between all three 
levels of grazing, while bird, frog and plant communities differed significantly between high and low 
grazing intensities. Loss of woodland-dependent and threatened species of birds, fewer occurrences of 
tadpoles and the loss of several functional groups of native plants were also related to increases in graz¬ 
ing intensity. Exotic grasses were more abundant in low grazed sites than in ungrazed sites. While it is 
clear that grazing has had significant impacts on riparian function and biodiversity, it is not clear whether 
these impacts can be reversed to fully restore riparian river red gum habitats. To achieve full restoration 
of riparian function and biodiversity may require not only fencing to exclude stock or significantly re¬ 
duce stocking rates, but also replanting of trees, shrubs and understorcy, as well as on-going control of 
exotic species and restoration of more natural flooding regimes. 

Keywords : Riparian grazing, birds, plants, frogs, ecological condition 


RIPARIAN habitats arc at the interface between ter¬ 
restrial and aquatic ecosystems. They are critical 
components of the landscape, supporting high levels 
of biodiversity and having significant effects on ma¬ 
terial fluxes across terrestrial and riverine bound¬ 
aries (Naiman & Decamps 1997). 

A recent assessment of riparian river red gum 
habitats in south-eastern Australia concluded that 
average riparian condition was either degraded or 
fair with no riparian areas in good or near pristine 
condition (Sattler & Creighton 2002). Grazing was 
identified as a major threatening process for the ma¬ 
jority of these riparian areas (Sattler & Creighton 
2002 ). 

The impacts of grazing by cattle on riparian sys¬ 
tems have been reviewed by numerous authors (e.g. 
Fleischner 1994; Trimble & Mendel 1995; Bclsky ct 
al. 1999). They have concluded that grazing gener¬ 
ally has significant negative impacts on riparian 
function and biodiversity. The majority of work has 


been carried out in the western United States, and 
experimental studies have mostly focussed on re¬ 
covery from past heavy grazing (Belsky at al. 1999), 
and involve comparisons of relatively small plots 
(Fleischner 1994). Most of these studies have also 
been severely limited by weak experimental designs 
(Larsen ct al. 1998; Sarr 2002). While there has 
been extensive work on the ecological impacts of 
grazing in Australian rangelands (e.g. Wilson & 
Harrington 1984; Landsberg et al. 2003) and grass¬ 
lands (e.g. Moore 1970; Garden et al. 2000; Mclvor 
2002), there has been little work in riparian ecosys¬ 
tems. There is clearly a need to understand the im¬ 
pacts of grazing on riparian ecosystems at large 
spatial scales in Australia. 

Given the difficulties with conducting experi¬ 
mental studies of grazing at large spatial scales, we 
decided to study how riparian condition and biodi¬ 
versity vary with grazing regimes at the landscape 
scale. Condition refers to the degree to which 
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human-altered ecosystems diverge from local semi¬ 
natural ecosystems in their ability to support a com¬ 
munity of organisms and perform ecological 
functions (c.f. Karr 1999). In previous studies we 
have examined relationships between grazing im¬ 
pacts and riparian condition, terrestrial bird commu¬ 
nities, wetland frog communities and herbaceous 
plant communities (Jansen & Robertson 2001a, 
2001b; Jansen & Healey 2003; Jansen & Robertson 
submitted). In this paper we aim to bring together 
the results from these studies to examine the overall 
impacts of grazing on riparian zone function and 
biodiversity in river red gum forests of south-eastern 
Australia. 


METHODS 

Detailed site descriptions and methods can be found 
in Jansen & Robertson (2001a; 2001b), Jansen & 
Healey (2003) and Jansen & Robertson (submitted). 
Here we give a brief overview of the study region 
and the methodology. 


Study region 

The study region comprised a 620 km section be¬ 
tween Gundagai and Hay in the middle reaches of 
the Murrumbidgee River, and additional sites in 
Millcwa Forest near Mathoura (Fig. 1). These sites 
in Millcwa Forest were ‘Reference sites’ - within a 
large continuous block of forest and minimally im¬ 
pacted by logging and grazing (although impacted 
to some extent by these factors in the past). The re¬ 
gion is relatively Oat, with only a small change in el¬ 
evation from east to west (=100 m), and the 
floodplain varies in width from hundreds of metres 
to several kilometres. 

The area has a temperate climate with hot, dry 
summers (average maximum 31.2°C in January at 
Wagga Wagga; Bureau of Meteorology 2004) and 
cold, damp winters (average maximum 12.5°C in 
July at Wagga Wagga; Bureau of Meteorology 
2004). Average annual rainfall is 585 mm at Wagga 
Wagga and 443 mm at Mathoura but varies from 
714 mm at Gundagai at the eastern edge of the 
study area to 366 mm at I lay on the western edge of 
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the study area (Fig. 1; Bureau of Meteorology 
2004). 

The floodplain vegetation is dominated by the 
river red gum Eucalyptus camaldulensis Dchnh. 
which defines the limits of flooding in the area. The 
region has been settled since the 1830s, has been ex¬ 
tensively cropped and grazed over the last 150 years, 
and is now the primary agricultural region of Aus¬ 
tralia (Crabb 1997). Floodplain habitats have been 
highly modified at local and regional scales by al¬ 
tered flooding regimes, clearing, grazing by live¬ 
stock and the introduction of exotic plant species 
(Margules & Partners Pty Ltd et al. 1990). 

Grazing intensity 

Sites sampled were located on private land, in State 
Forests, in Travelling Stock Reserves and in other 
reserves (Jansen & Robertson 2001a). Most sites 
were grazed by cattle, some by sheep, and a few by 
mixed herds of sheep and cattle. Interviews were 
conducted with farmers to determine stocking rates 
in riparian paddocks on private properties (for de¬ 
tails see Jansen & Robertson 2001a). All stocking 
rates were expressed as dry sheep equivalents per 
hectare per annum (DSE/ha/annum; McLaren 
1997). Sites were classified according to grazing in¬ 
tensity: ungrazed; low grazing (<5 DSE/ha/annum); 
and high grazing (>5 DSE/ha/annum). All grazed 
State Forest sites were classified as low grazing, 
based on information from the leaseholders. Most 
Travelling Stock Reserves were also classified as 
low grazing, while a few were classified as high 
grazing, based on evidence from cowpat counts in 
transects in the riparian zone (Jansen & Robertson 
2001a). Other reserve sites were ungrazed but all 
had been grazed in the past (between 5 and 30 years 
prior to this study). 

Riparian condition 

Riparian condition was sampled in early summer of 
1997-98 at 142 sites on the Murrumbidgee River be¬ 
tween Gundagai and Hay, and at four sites in 
Millewa Forest near Mathoura. Riparian condition 
was scored using the Rapid Appraisal of Riparian 
Condition (RARC) on a scale of 0-50, with 50 indi¬ 
cating best condition, according to the method out¬ 
lined in Jansen ct al. (2004). This method scores a 
number of indicators of riparian zone function. 


groups them into five categories (habitat continuity 
and extent, cover and structural complexity of vege¬ 
tation, quantities of leaf litter and woody debris, the 
amount of native vegetation, and features such as 
reeds and regeneration of native trees and shrubs). 
Each category is scored out of 10, and then the re¬ 
sults are summed to obtain a score out of 50. Sites 
sampled were 1 km long reaches of the river; de¬ 
tailed methods are given in Jansen & Robertson 
(2001a). 


Terrestrial birds 

Birds were sampled using point count surveys at 46 
sites on the Murrumbidgee River and four sites in 
Millewa Forest. At each site, three point count sta¬ 
tions situated 100 m from the riverbank and sepa¬ 
rated by at least 200 m were surveyed in the morning 
in each of three seasons (Autumn 1998, Spring 1998 
and Summer 1999). All birds seen and heard within 
100 m in a 5 minute period were recorded at each 
point count station. For details of sampling and 
analysis, see Jansen & Robertson (2001b). In all 
analyses, birds flying overhead and aerial foragers 
(c.g. raptors and swallows) were excluded, as were 
water- and wetland-dependent species, since these 
were not considered to be censused accurately using 
point counts. Counts of individual species were 
summed across the three point counts at each site, 
and across the three seasons in which counts were 
made, to give a total count per site for each species. 

Wetland frogs 

Frogs were sampled using call surveys and searches, 
and tadpoles were sampled using sweep nets at 26 
wetlands along the Murrumbidgee River in early 
summer of 1998 and 1999. Twenty-five wetlands 
were surveyed in 1998, 18 were resurveyed in 1999 
(the remainder were dry) and one additional wetland 
was surveyed in 1999 (for details see Jansen & 
Healey 2003). Wetlands ranged from 40 to 9500 m in 
perimeter and in frequency of flooding from annually 
to much less frequently. Most of the wetlands were 
flooded from the river in 1998, many dried out subse¬ 
quently, and some refilled with rainfall in 1999. At 
each wetland the following survey methods were 
used; (a) 10 minute night-time searches along the 
water's edge (two at wetlands <100 m in perimeter, 
four at wetlands 100-500 m in perimeter and 6-8 at 
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larger wetlands); (b) 5 minute night-time counts of 
calling frogs (one at wetlands <100 m in perimeter, 
and two at larger wetlands); and (c) three 30 second 
day-time sweeps for tadpoles in each wetland micro¬ 
habitat. Tadpoles were identified to genus, while adult 
frogs were identified to species. The results from all 
sampling strategies were combined to provide data on 
presence/absence of each species of frog and genus of 
tadpoles at each wetland over both years. 

Herbaceous plants 

Herbaceous plants were surveyed at 34 sites on the 
Murrumbidgee River in late spring - early summer 
of 1998. At each site, plants were surveyed along 
three 100 m transects perpendicular to the river, and 
approximately 200 m apart. A 0.25 nt 2 quadrat was 
initially placed on the river bank where vegetation 
first appeared, then at 10 m intervals away from the 
river, for a total of 10 quadrats on each transect. 
Within each quadrat, floristic data (presence/ab¬ 
sence of all non-woody plants) were recorded. Plant 
species were identified using Harden (2000-2002). 
A few taxa were only identified to genus when two 
species were difficult to distinguish in the field (c.g. 
Vulpia spp.. Hordeum spp.) and a few specimens 
lacking flowering parts were also only identified to 
genus. Frequency data for each plant species were 
collated for the 30 quadrats surveyed at each site. 

Confounding factors 

The climate becomes increasingly arid with distance 
downstream along the Murrumbidgee River, and 
consequently stocking rates have probably histori¬ 
cally declined with distance downstream (as they do 
today; Jansen & Robertson 2001a). There are also 
biogcographic shifts in the plant and animal com¬ 
munities with distance downstream. River regula¬ 
tion has also altered the seasonality and extent of 
flooding, particularly in the upstream reaches of the 
Murrumbidgee River above Berembed Weir (Ebsary 
1994; Page ct al. 2005). This could affect riparian 
plant communities, which often respond strongly to 
changes in hydrology (e.g. Gurnell et al. 2000; Hupp 
2000), and wetland frog communities, which may be 
influenced by wetland flooding parameters (e.g. 
Snodgrass ct al. 2000). 

Analyses of the community data showed that 
plant and bird communities, but not frog communi¬ 


ties, varied along the length of the river (Jansen & 
Robertson 2001b; Jansen & Healey 2003; Jansen & 
Robertson submitted). Thus we had to remove these 
effects in order to detect differences in plant and an¬ 
imal communities as a result of grazing. For the bird 
community analyses, we excluded the ten species 
that were confined to either the western end of the 
Murrumbidgee River or to the eastern end and/or the 
Murray River. All other species used in the analyses 
of grazing effects were widespread throughout the 
region (pers. obs.), making confounding effects un¬ 
likely. For the frog community analyses, there was 
no variation along the length of the river, so grazing 
effects were examined directly. For the plant com¬ 
munity analyses, the river was divided into regions 
upstream and downstream of Berembed Weir to re¬ 
duce the confounding effects of both biogcographic 
differences and altered flow regimes, and analyses 
of grazing effects were conducted separately for 
each region. 

Data analyses 

Table 1 shows the number of sites at each level of 
grazing intensity for each dataset. 

Univariate data were analysed using General 
Linear Models (GLM) in SPSS (SPSS Inc. 1999) 
while community data were analysed using Analysis 
of Similarities (ANOSIM; Clarke 1993) in PRIMER 
(Clarke & Gorlcy 2001). Non-metric multi-dimen¬ 
sional scaling (MDS) in PRIMER was used to 
graphically illustrate differences between communi¬ 
ties subject to different grazing regimes. Bird com¬ 
munity data were square-root transformed before 
analysis. Similarities were calculated using the 
Bray-Curtis metric (Clarke & Warwick 1994). 

To examine bird community changes in more de¬ 
tail, we classified bird species according to whether 
they were woodland-dependent and threatened or de¬ 
clining following Reid (1999). Total abundances and 
numbers of species in these groups were examined in 
relation to grazing effects using GLM. 


Ungraded Low grazing High grazing 


RARC 

10 

88 

48 

Birds 

6 

23 

21 

Frogs 

- 

14 

12 

Plants 

5 

14 

15 


Table I. Number of sites at each level of grazing inten¬ 
sity for each survey (RARC'=Rapid Appraisal of Riparian 
Condition - see Methods). 
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To examine plant community changes in more 
detail, we classified plant species according to func¬ 
tional groups (by growth form - grass, forb, 
sedge/rced, geophyte, fern; by life history - an¬ 
nual/biennial, perennial; and by height - small <5 
cm, medium 5-30 cm, tall >30 cm) and as natives us 
exotics using Harden (2000-2002). Total abun¬ 
dances and numbers of species in these groups were 
examined using GLM in relation to grazing effects 
within each region (above and below Berembed 
Weir as for the community data). 


RESULTS 

Riparian condition 

Riparian condition declined significantly with in¬ 
creasing grazing intensity (Fig. 2; F 2I43 = 44.04, 
pO.0001). 


Birds 

A total of 64 species of terrestrial birds were 
recorded in the surveys. Of these, 54 were wide¬ 
spread species. Widespread bird communities dif¬ 
fered significantly according to grazing intensity 
(Fig. 3; ANOS1M Global R=0.217, pO.OOl). Pair¬ 
wise tests showed that high grazed sites had signifi¬ 
cantly different bird communities to low grazed sites 



ungrazed low high 
Grazing intensity 


Fig 2. Mean (+1 s.e.) condition scores (measured 
using the Rapid Appraisal of Riparian Condition) at sites 
differing in grazing intensity on the Murray and Mur- 
rumbidgec Rivers. Letters indicate significant differences. 

(p=0.00l) and ungrazed sites (p=0.002) but the lat¬ 
ter two were not significantly different (p=0.098). 
The number of species (Fig. 4A) and the number of 
individuals (Fig. 4B) of woodland-dependent birds 
were both significantly lower in high grazed sites 
than either ungrazed or low grazed sites, which were 
similar (Number of species F, 47 =4.26, p=0.0199; 
Number of individuals F, J7 =9.92, p=0.0003). The 
same pattern was evident for the number of individ¬ 
uals of threatened and declining species of birds 
(Fig. 5), although there was no significant difference 
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Fig 3. Non-mctric multidimensional scaling plot of bird communities at 50 sites on the Murray and Murrumbidgee 
Rivers according to grazing intensity. Stress=0.21. 
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(A) species 



ungrazed low high 

Grazing intensity 


between high grazed and ungrazed sites (F, 47 =3.77, 
p=0.0302). 

Frogs 

A total of six species of frogs and three genera of 
tadpoles were identified in the surveys. Frog com¬ 
munities differed significantly according to grazing 
intensity (Fig. 6; ANOSIM Global R=0.I63, 
p=0.004). Crinia tadpoles only occurred at low 
grazed wetlands, and Limnodynastes tadpoles were 
significantly more likely to occur at low grazed wet¬ 
lands than high grazed wetlands (%^ = 10.54, 

p=0.002). 


(B) individuals 



ungrazed low high 
Grazing intensity 


Fig 4. Mean (+1 s.c.) number of woodland-dependent 
bird species (A) and individuals (B) at sites differing in 
grazing intensity on the Murray and Murrumbidgee 
Rivers. Letters indicate significant differences. 



Fig 5. Mean (+1 s.e.) number of individuals of threat¬ 
ened and declining species of birds at sites differing in 
grazing intensity on the Murray and Murrumbidgee 
Rivers. Letters indicate significant differences. 


Plants 

A total of 126 species of herbaceous plants were iden¬ 
tified in the surveys; of these, 53% were exotic 
species. Plant communities upstream of Berembed 
Weir differed significantly between high and low 
grazed sites (Global R=0.314, p=0.009) but down¬ 
stream of Berembed Weir plant communities did not 
differ significantly between low grazed and ungrazed 
sites (Fig. 7). Native medium-height annual grasses, 
tall perennial forbs and small perennial sedges were 
all significantly more frequent in low grazed sites 
than high grazed sites upstream of Berembed Weir 
(Fig. 8A; grasses: F |2() =6.80, p=O.OI7, forbs: 
F uo =5.35, p=0.031, sedges: F |2() =4.33, p=0.05), but 
did not differ significantly between ungrnzed and low 
grazed sites downstream of Berembed Weir. Exotic 
annual grasses were significantly less frequent in un¬ 
grazed sites than low grazed sites downstream of 
Berembed Weir (Fig. 8B; F, |0 =4.99, p=0.0495) but 
did not differ significantly between low and high 
grazed sites upstream of Berembed Weir. 


DISCUSSION 

Declines in the ecological condition of riparian habitats 
and loss of biodiversity of birds, frogs and plants were 
clearly associated with increased grazing intensity in 
river red gum habitats. Riparian condition differed be¬ 
tween all three levels of grazing intensity while bird, 
frog and plant communities differed between high and 
low grazing intensity sites. Loss of woodland-depend¬ 
ent and threatened species of birds, fewer occurrences 
of tadpoles and the loss of several functional groups of 
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A lew 


▼ high 


Fig 6. Non-metric multidimensional scaling plot of frog communities at 26 sites on the Murrumbidgee River accord¬ 
ing to grazing intensity. Stress=0.21. 


native plants were also related to increases in grazing 
intensity. Exotic grasses were more abundant in low 
grazed sites than in ungrazed sites. 

While few differences were found between un¬ 
grazed and low grazed sites, this is not surprising 
given the small number of ungrazed sites and their 
prior history of grazing (all ‘ungrazed’ sites had been 
grazed in the past). Thus while there was little clear 
evidence of significant impacts of grazing on biodi¬ 
versity at low stocking rates (<5 DSE/ha/annum), this 
is most likely due to a lack of reference sites in near 
pristine condition. This is borne out by the fact that ri¬ 


parian condition was significantly higher in the few 
ungrazed sites that were found than in the low grazed 
sites. It is likely that riparian condition measured using 
the RARC can recover more quickly from past graz¬ 
ing than any direct measures of biodiversity. 

While grazing impacts on riparian condition and 
biodiversity were clearly evident, it is difficult to 
separate out the effects of past grazing history, and 
associated land management practices, from current 
grazing intensity. These are most likely highly cor¬ 
related, and our measures of condition and biodiver¬ 
sity may respond differently to each factor. For 



V ungrazed 


A low 


■ high 


Fig 7. Non-mctric multidimensional scaling plot of plant communities at 34 sites on the Murrumbidgee River 
according to grazing intensity. Stress=0.13. The line divides sites upstream and downstream of Berembed Weir. 
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Fig 8. Mean (+1 s.e.) frequencies of (A) native plant 
functional groups upstream of Bcrembcd Weir and (B) ex¬ 
otic annual grasses downstream of Bereinbed Weir at sites 
differing in grazing intensity on the Murrumbidgee River. 

example, the indicators of riparian condition related 
to canopy cover, and bird species which mainly re¬ 
spond to canopy cover, are more likely to be influ¬ 
enced by past clearing associated with 
intensification of grazing than with current densities 
of stock. On the other hand frog and plant commu¬ 
nities, while likely to have been affected by past land 
management practices in terms of loss of species 
and invasion by exotics, are likely to also be re¬ 
sponding to current grazing intensities. 

Since grazing stock at high intensities necessi¬ 
tates some clearing of the riparian forest (to provide 
sufficient feed), it is not really necessary to separate 
past and current effects of grazing to demonstrate 
that, as shown here, grazing clearly has negative im¬ 
pacts on riparian condition and biodiversity. While 
many studies have concluded that grazing generally 
has negative impacts on riparian ecosystems (El¬ 
more 1992; Armour et al. 1994; Fleischner 1994; 


Trimble & Mendel 1995; Larsen et al. 1998; Belsky 
et al. 1999), this study has demonstrated these im¬ 
pacts over large spatial scales and across a variety of 
biodiversity and functional measures within one 
ecosystem. 

While grazing by domestic stock has clearly had 
major impacts on the condition and biodiversity of 
riparian zones, another major factor lo consider is 
the influence of changed flooding regimes. The 
Murrumbidgee River is dammed upstream to pro¬ 
vide water for irrigation in summer, and large off¬ 
takes below Berembed Weir provide water to 
irrigation areas. As a result, the seasonality of high 
flows and flooding events on the river, particularly 
upstream of Berembed Weir, has switched from pre¬ 
dominantly winter-spring lo predominantly summer 
(Ebsary 1994) and the extent and duration of flood¬ 
ing has approximately halved (Page el al. 2005). 
Downstream of Berembed Weir the seasonality of 
flooding has changed less but the volume of water 
has been greatly reduced (Page et al. 2005). These 
changes are likely to have particularly influenced 
wetlands, undcrstorcy plants and recruitment of 
river red gums, which are dependent on flooding 
(e.g. Dexter 1978; Young et al. 2001). These alter¬ 
ations to flows are likely to have exacerbated the im¬ 
pacts of grazing (e.g. Meeson et al. 2002). 

Management implications: While it is clear that 
grazing has had significant impacts on riparian 
function and biodiversity, it is not clear how these 
impacts can be reversed to restore riparian river red 
gum habitats. The fact that grazing impacts encom¬ 
pass both current grazing intensities and past land 
management practices, and the fact that flooding 
regimes have also been greatly altered in these 
rivers, suggests that removal of grazing by itself is 
unlikely to lead to full restoration of riparian func¬ 
tion and biodiversity. 

Given the evidence of higher condition scores in 
ungrazed sites, there is possibly some potential for 
restoration of riparian habitats with removal of graz¬ 
ing. However, removal of grazing may not lead to 
restoration of riparian biodiversity, particularly if 
important components of the ecosystem have been 
lost. For example, Spooner et al. (2002) found that 
recruitment of shrubs was poor in fenced remnant 
grassy woodlands, perhaps due to a lack of seed 
sources. Kenny (2003) found that plant communities 
showed little response to 10 years of grazing exclu¬ 
sion in river red gum forests, possibly due to a lack 
of recruitment potential or to strong competition 
from dense river red gums. 1 lowcvcr, Thompson et 


















BIODIVERSITY IN RIPARIAN RIVER RED GUM FORESTS 


93 


al. (2002) found that birds in the upper Mur- 
rumbidgee Catchment showed some recovery within 
10-15 years in response to restoration of riparian 
areas in the form of fencing and planting of trees 
and shrubs. Achieving full restoration of riparian 
function and biodiversity may require not only fenc¬ 
ing to exclude slock or significantly reduce stocking 
rates, but also replanting of trees, shrubs and under- 
storey, as well as on-going control of exotic species 
(Jansen & Robertson 2001a) and restoration of more 
natural flooding regimes (Robertson et al. 2001; 
Young ct al. 2001). 
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Mac Nally, R. & Parkinson, A., 2005. Fallen-timber loads on southern Murray-Darling Basin flood- 
plains: History, dynamics and the current state of Barmah-Millcwa. Proceedings of the Raya! Soci¬ 
ety of Victoria 117(1): 97-110. ISSN 0035-9211. 

Historical sources of information were examined to develop a picture of the structure of River Red 
Gum Eucalyptus camuLlulensis forests of the southern Murray-Darling Basin prior to European settle¬ 
ment. We sought information on the density and distribution of fallen timber (grounded logs and limbs 
> 10 cm diameter). None of these potential sources yielded much useable information to estimate fallen 
timber loads prior to European settlement. There is good evidence that the structure and demography of 
red gum forests has been significantly altered since the 1830s, with the former parklands of large, vet¬ 
eran trees > 500 yr being replaced by ranks of smaller, younger trees. Large trees are more likely to pro¬ 
duce larger amounts of fallen timber, so that the landscape-scale changes in demographics coupled with 
the massive reduction of the area of floodplain forest arc likely to have produced a much lower total 
fallen timber load across the whole Murray-Darling basin. Alterations of flooding and wildfire regimes, 
and the incessant demands for large amounts of firewood are likely to maintain the paucity of fallen tim¬ 
ber compared with the early part of the 19 ,h century. The current status of fallen timber in the Barrnah- 
Millewa forest is also described. 

Key words: Australia, Eucalyptus camaldulensis, historical wood loads, restoration 


PRIOR to European settlement, the inland slopes 
and plains of southeastern Australia supported a va¬ 
riety of open forest and woodland vegetation com¬ 
munities with a high diversity of fauna. These 
habitats are now some of the most poorly conserved 
and degraded plant associations in south-eastern 
Australia (Walker ctal. 1993; Robinson 1994; Whit¬ 
ten and Bennett 1998). Vast areas have been cleared 
for agricultural development. In south-eastern South 
Australia, ca 14% of the original cover of woodland 
and open forest remains (Harris 1986), while in Vic¬ 
toria, less than 7% still exists in some areas (Robin¬ 
son 1994; Bennett ct al. 1998). Remnants have been 
degraded by mining, timber harvesting, firewood 
collection, inappropriate fire regimes, grazing by 
stock and by rabbits, and changes in hydrology. His¬ 
torical records indicate that the degradation and loss 
of these environments have also been accompanied 
by major declines in local and regional faunal diver¬ 
sity (Bennett et al. 1998; ECC 1997). 

Habitat restoration is needed to improve the 
quality of remaining areas of forest and woodland. 


This requires an understanding of how specific habi¬ 
tat characteristics influence species diversity. 

Ecological significance of fallen timber 

One component of Australian forest and woodland 
ecosystems that has received little attention by ecol¬ 
ogists is fallen timber. We use the definition of I lar- 
mon et al. (1986) for describing fallen timber: 
grounded Limbs and logs with a minimum diameter 
of 10 cm. Although fallen timber is a prominent 
structural feature of natural eucalypt communities, it 
is often seen as a fire hazard. Thus, in the past, much 
effort has been made to clear timbered areas of 
fallen timber. 

Fallen timber serves a number of important eco¬ 
logical functions. It provides habitat for many 
groups of animals including small mammals, rep¬ 
tiles, frogs and invertebrates, and serves as a nutri¬ 
ent source for many invertebrates, micro-organisms, 
fungi and flora (Harmon et al. 1986). It also plays an 
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important role in nutrient and energy cycling within 
ecosystems, and influences soil and sediment trans¬ 
port and storage (Harmon et al. 1986). In aquatic 
systems, fallen timber has the additional effect of in¬ 
fluencing stream morphology as well as providing 
the only solid substrate in many instances. 

While a number of studies investigating the eco¬ 
logical significance of fallen timber have been con¬ 
ducted in the northern hemisphere (see review by 
Harmon et al. 1986), little work has focused on 
fallen timber in terrestrial Australian environments 
(although see Brown et al. 1996; Robinson 1997; 
Williams and Faunt 1997; Laven and Mac Nally 
1998). 

On the floodplain of River Red Gum forests, 
fallen timber is likely to be a vital resource for both 
terrestrial (Mac Nally et al. 2002a: Mac Nally and 
Horrocks 2002; Boyd et al. 2005) and aquatic 
(Ballinger et al. 2005) organisms, and also is much 
affected by firewood collection. The floodplains of 
the inland rivers of southeastern Australia are domi¬ 
nated by River Red Gum. a timber favoured as a 
fuel. Our surveys suggest that the current loads may 
be about 15% of former loads (see Mac Nally et al. 
2002b). 


Objectives 

The current study evaluated documentary informa¬ 
tion concerning pre-European levels of fallen timber 
on the Murray-Darling floodplains, with which ex¬ 
isting levels can be compared. In the process, this 
may provide target levels for future restoration of 
fallen timber in these environments. 

Information was compiled from the earliest his¬ 
torical sources available. Potentially useful data on 
the nature of floodplain environments was produced 
by five major groups of people during the I9' h cen¬ 
tury: explorers, squatters and selectors, government 
surveyors, scientists and naturalists, and foresters. 
Relevant records include documents such as jour¬ 
nals, river charts, land files, pastoral plans, parlia¬ 
mentary reports and forestry records. As it was 
anticipated these early records may yield a paucity 
of direct data on fallen timber loads, a detailed ex¬ 
amination of how changing land-management prac¬ 
tices have influenced fallen-timber dynamics was 
also undertaken. This allows some inferences to be 
made about how fallen-timber loads may have 
changed. 


Focal area: southern Murray-Darling floodplains 

The River Red Gum Eucalyptus camaldulensis is 
the characteristic tree species of the lowland flood- 
plains of the Murray-Darling Basin. Its occurrence 
along inland watercourses makes it the most widely 
distributed of all eucalypts. River Red Gum commu¬ 
nities range from open woodlands of trees with short 
boles and large, spreading crowns, to tall forests of 
trees up to 45 m in areas where the floodplain is 
prone to more prolonged floods (Wilson 1995). 
River Red Gums typically occur in pure stands with 
an understorey of grasses or wetland plants. The 
shrub layer generally is lacking or sparse. Less fre¬ 
quently inundated areas of floodplains are domi¬ 
nated by Black Box Eucalyptus largiflorens. This 
study focuses primarily on the River Red Gum 
ecosystems of the southern Murray-Darling Basin 
(south of the 32° 22’ S). 

HISTORICAL OVERVIEW 

’... stately yarra trees; and charming vistas 
through miles of open forest scenery... the 
whole country traversed this day, was of that de¬ 
scription which belongs to the margins of 
streams, being grassy land under an open forest 
containing goborro [box] and yarra [River Red 
Gum] trees.’ Thomas Mitchell, Lower Mur- 
rumbidgee River, 1836 (Mitchell 1965b) 

When Major Thomas Mitchell travelled down the 
Lachlan, Murrumbidgceand Murray Rivers in 1836, 
he described floodplain environments untouched by 
white settlers. These riverine woodlands were inhab¬ 
ited by thousands of Aboriginal people (Allen 1979; 
Buchan 1979; Webb 1984). The rivers and flood- 
plains provided an abundance of natural resources. 
The lands were used by Aborigines for at least 
40,000 years prior to European settlement (Lance 
1985). 

Within a few years of the exploration of the 
lowland rivers of the Murray-Darling system, 
squatters began to claim the land for pastoral runs. 
The lush grass growing on the riverine flats follow¬ 
ing the retreat of flood waters provided abundant 
feed for stock over the dry summer months. The 
Land Acts of the mid 1800s opened the land to 
selectors, and new townships and local industries 
flourished. 

Clearance of trees for agriculture and settlement 
has significantly reduced the extent of native Hood- 
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plain vegetation. Margules and Partners et al. (1990) 
estimate that 33% of floodplain vegetation has been 
cleared along the Murray River and its anabranches, 
although much of this is likely to be box woodlands 
on the outer edges of the floodplains. River Red 
Gum has suffered significantly less loss of cover in 
comparison to other inland community types (Ben¬ 
nett et al. 1998) due to the flood-prone nature of 
these areas. 

Other changes in land-use and management 
practices have had a major impact on floodplain 
ecosystems. The vegetation history of these environ¬ 
ments has been previously documented by a number 
of authors (e.g. Curr 1965; Chesterfield 1986; Bren 
1992; Margules and Partners et al. 1990; McGowan 
1992; Donovan 1997). Forestry practices and 
changed burning regimes have caused many 
changes in the structure of River Red Gum commu¬ 
nities (Jacobs 1955; Lyons 1988; Wilson 1995; 
Donovan 1997). 

The degradation that has occurred over the last 
150 yr also has contributed to the loss and decline of 
many species of animals (MDBMC 1987; Bennett et 
al. 1998). The Blandowski expedition in 1856-57 
recorded 32 mammal species, excluding bats, in the 
vicinity of the Murray-Darling junction (Wakefield 
1966). Twenty-two of these species are now locally 
extinct in the area (MDBMC 1987). Studies investi¬ 
gating the causes of decline in species richness 
within floodplain environments have mostly focused 
on the effects of hydrological changes associated 
with river regulation, particularly on waterbirds (al¬ 
though see Parkinson ct al. 2002). On a broader 
scale, declining numbers of hollow-dependent fauna 
in most habitat types has been attributed to the loss 
of large, old. hollow-bearing trees across forest and 
woodland communities in general. Virtually nothing 
is known about historical changes in fallen timber 
availability and possible impacts on floodplain 
fauna. 


Historical Records 

By the late 1800s, floodplain environments already 
had undergone major changes as a result of Euro¬ 
pean impacts. The first explorers, settlers and natu¬ 
ralists provided the earliest descriptions of these 
areas, often describing environments previously un¬ 
seen by European colonists (1810-60). Later data 
collected by government officials (surveyors, scien¬ 
tists and foresters) were examined, although these 


mostly pertained to environments that had already 
undergone much alteration (1860-1900). 

Historical records were examined for any data 
(descriptive or quantitative) that provided cither a 
direct indication of fallen timber availability, or that 
gave information on other variables (e.g. tree densi¬ 
ties, fire regimes) that may relate to fallen timber 
availability. 

Explorers and Overlanders 

Within a few years of the crossing of the Blue 
Mountains and up to 1836, Oxley, Hume, Llovell, 
Mitchell and Sturt had travelled extensively in the 
region. The first colonists were the ovcrlandcrs, who 
used the Murray River as a travelling stock route to 
drove cattle to Adelaide (Hawdon, Bonney, Sturt and 
Eyre). 

The journals of these explorers and overlanders 
showed a number of common themes among their 
descriptions of the floodplain forests (Tabic 1). Al¬ 
most all of the explorers commented on the large 
size of the trees growing along the rivers (extracts 2, 
6, 9, II, 12, 15, 16, 17, 22, 24; Table 1). In many 
areas, the vegetation had an open, park-like appear¬ 
ance with extensive grassy plains (7, 19, 21, 22, 24, 
26, 28), while in other areas, the trees were dense (1, 
8, 25, 27, 29, 31). There are also many references to 
aboriginal burning and its effects on the vegetation 
(3,4,5, 10, 13,23,32, 33). 

A number of extracts provided information 
about fallen timber (Sturt's journals). A swampy re¬ 
gion in the vicinity of the junction of the Murray and 
Edward Rivers was ‘full of decayed timber’ (30). 
Fire-damaged trees were an important source of 
fallen timber (32, 33), and considerable volumes of 
debris were moved into the river channels during 
floods (34). Sturt mentioned ‘the frequent stumbling 
of the cattle' (8), possibly due to much fallen timber. 
None of the other explorers mentioned fallen timber 
as an impediment despite travelling through these 
areas with bullock trains and drays. 

Squatters and Selectors 

Squatters moved into the newly explored territories. 
By 1830, pastoral runs had been taken up along the 
Murrumbidgee and Lachlan frontages; 1835 saw 
runs on the Murray River at the present-day site of 
Albury; by 1838 the country along the Goulburn, 
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Explorer (year) 

Area 

Extract 

John Oxley (1817) 

Lachlan River 

1. ‘The banks were so thickly covered with large eucalypti, that we did not 
perceive it until we were within a very few yards of it.’ (Oxley 1964:78-79) 

2. ‘...huge unshapen eucalypti, which would not afford a straight plank ten 
feet long...'(Oxley 1964:83) 

Hamilton Hume 

Ovens River 

3. ‘All the country from where we started this morning is all burning in 

William Hovell 

Goulbum River 

every direction and the bush is all on fire ... the blacks...’ (Hovell 1921:343) 

(1824-25) 


4. ‘...all the country around us appears to be on fire...' (Hovell 1921:359) 

5. ‘The country is on fire in all directions. This appears to be the season for 
burning the old grass to get new.’ (Hovell 1921: 361) 

Charles Sturt 

Macquarie River 

6. ‘Upon these low grounds the blue-gum trees were of lofty growth...’ 

(1828) 


(Sturt 1963:11) 


Darling River 

7. ‘...on the immediate banks of the river, where its undulations and 


(near Macquarie 

openness gave it a park-like appearance’ (Sturt 1963:23) 


River junction) 

8. ‘...timbered sufficiently to afford a shade ... but we were obliged to seek 
more open ground, in consequence of the frequent stumbling of the cattle.’ 
(Sturt 1963:29) 

9. ‘...the trees that overhung it were of beautiful and gigantic growth.’ 

(Sturt 1963:86) 

10. ‘...the bush had been fired.’ (Sturt 1963:91) 

Charles Sturt 

Murrumb. River 

11. ‘Flooded-gum trees of lofty size...’ (Sturt 1963:52) 

(1829-30) 

Lower Darling 

12. ‘Its banks were sloping and grassy, and were overhung by trees of 


River 

magnificent size.' (Sturt 1963:108) 


Lower Murray 

13. ‘It was evident that fires had made extensive ravages in the 


River 

neighbourhood... (Sturt 1963:88) 

14. ‘...wherever reeds prevailed the flooded or blue gum stretched its long 
white branches over them.’(Sturt 1963:133) 

Thomas Mitchell 

Darling River 

15. ‘On the river bank, trees peculiar to it, grow to so large a size, that its 

(1835) 


course may be easily traced at great distances ... these gigantic trees...’ 
(Mitchell 1965 vol.l:302) 

16. ‘We saw enormous trees by the riverside.’ (Mitchell 1965 vol.l) 

Thomas Mitchell 

Lachlan River 

17. ‘The ‘yarra’ grew here, as on the Darling, to a gigantic size, the height 

(1836) 


sometimes exceeding 100 feet...’(Mitchell 1965 vol.2:54) 


Lower 

18. ‘...all permanent waters are invariably surrounded by the ‘yarra’...’ 


Murrumbidgee 

(Mitchell 1965 vol.2:55) 


River 

19. ‘...stately yarra trees; and charming vistas through miles of open forest 
scenery...’(Mitchell 1965 vol.2:75) 


Loddon River 

20. ‘...most of our encampment placed, unavoidably under a large yarra tree, 


(general) 

a very unsafe position during high winds, but fortunately no branches fell.' 
(Mitchell 1965 vol.2:85) 

21. ‘...the whole country traversed this day, was of that description which 
belongs to the margins of streams, being grassy land under an open forest 
containing goborro and yarra trees.’ (Mitchell 1965 vol.2:104) 

22. ‘...we passed alternately over grassy plains, and through belts of lofty 

Gum trees...’ (Mitchell 1965 V'ol.2:111) 

23. 'Fire, grass, kangaroos, and human inhabitants, seem all dependant on 
each other for existence in Australia ... Fire is necessary to burn the grass 
and form those open forests...' (Mitchell 1969:412) 

Joseph Hawdon 

Lower Goulburn 

24. ‘The lagoons here begin to extend to a greater distance from the river, 

Charles Bonney 

River 

and arc studded with very lofty flooded gum-trees, with good grass between 

(1838) 


them...’ (Kain 1991:30) 

Charles Sturt 

Murray River 

25. ‘... under a dark wood of gum trees scathed by fire to their very tops.’ 

(1838) 

(near Edward 

(Sturt 1838 cited in Sturt 1899:138) 


River junction) 

26. ‘...scattered trees marked with pleasing verdure the course of the river.’ 
(Sturt 1838 cited in Sturt 1899:139) 


Table I. Extracts from the journals of explorers and overlandcrs. 
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Explorer (year) 

Charles Sturt 
(1838) 


Area _ 

Murray River 
(near Echuca) 
(near Swan Hill) 

(general) 


Extract __ 

27. ...the cattle walk through beautiful green feed, up to their middles in 
grass. The trees arc not so large as those higher up the river... and the view 
is shut in by thick forest.' (Sturt 1838 cited in Sturt 1899:141) 

28. ‘...we traversed splendid and open flats of rich light loam. They were so 
large as almost to deserve the name of plains.’ (Sturt 1838 cited in Hibbins 
1978:20) 

29. '...we found the country on both sides of the river free from reeds, but 
heavily timbered...’ (Sturt 1838 cited in Hibbins 1978:21) 

30. ...found the country intersected by deep creeks, full of decayed timber, 
and marked by bull rushes and reeds...’ (Sturt 1899:10) 

31. ‘The whole country was heavily timbered...’ (Sturt 1838 cited in Hibbins 
1978:22) 

32. When timber was again seen it was like the reeds, blackened by native 
conflagrations. Huge trunks and leafless limbs lay one across another on 
ground as black as themselves.’ (Sturt 1838 cited in Sturt 1899:143) 

33. The reeds had been burnt by the natives and in burning had set fire to 
the largest trees and brought them to the ground.’ (Sturt 1838) 

34. ‘But the sudden freshes to which the rivers of this country side are 
subject, and the immense quantity of timber swept into their beds by each 
successive Hood must ever render them dangerous...’ (Sturt 1838 cited in 
Sturt 1899:145) 


Table I. Extracts from the journals of explorers and overlanders (continued). 


Cantpaspe and Loddon Rivers in the Port Phillip dis¬ 
trict was occupied (Jeans 1972; Ronald 1960). 
Squatters in the ‘unsettled districts’ were granted 14- 
yr pastoral leases (dating from 1852) for runs of up 
to 50 mi 2 (128 kni 2 , Jeans 1972); occupation rights 
went to the person that stocked the land first. Occu¬ 
pation applications have some of the earliest de¬ 
scriptions of these tracts of land. All original 
documents relating to leasehold land in New South 
Wales were destroyed in the Palace Garden fire of 
1882. Examination of the Victorian records revealed 
few useful data. 

Squatters were required to provide a ‘description 
of the lands' in their lease application. Descriptions 
almost always only stated the location and bound¬ 
aries of the run by reference to geographical features 
such as rivers, creeks, ridges and marked trees, so 
little useful information is in these descriptions. 

Under the provisions of the various Lands Acts 
of the 1860s, colonists-‘selectors'-were permitted to 
choose land from the unsold public domain. The area 
permitted to a selector was related to the amount of 
land he could clear and cultivate. Improvements, for 
which selectors lodged compensation claims, in¬ 
cluded erection of buildings and fences as well as 
cutting down trees, ringbarking and clearing the 
ground of fallen timber. Examination of these files 
revealed numerous claims for clearing logs or gath¬ 
ering and burning timber (Parkinson & Mac Nally 


2000). Improvements are stated in terms of the 
amount of land treated, not in the amount of timber 
removed. Unfortunately, the rates of payment are not 
known, so that it is not possible to use this areal in¬ 
formation to determine densities of fallen timber. 


Surveys 

Plans of all the Victorian parishes bordering the low¬ 
land reaches of the Murray, Ovens, Goulburn, Cam- 
paspe and Loddon Rivers were examined for 
descriptions of floodplain vegetation. The majority 
of plans gave no descriptions of the vegetation. Only 
a few plans gave any indication of the density or size 
of trees with descriptions such as ‘heavily timbered 
with large swamp gums’ or ‘lightly timbered land 
with box, gum, pine and shc-oak’. Estimates of tree 
density were noted on only two plans 
(Table 2)—eight large red gums per acre in the parish 
of Gooramadda, and ten large red gums per acre in 
the parish of Wodonga. 

State colonial surveyors undertook measure¬ 
ments of the courses of all the major rivers during 
the mid-1800s. Most of the plans give some indica¬ 
tion of the nature of the country along the rivers but 
only in general terms (e.g. ‘swampy gum flats sub¬ 
ject to inundation', ‘poor box forest, thinly 
grassed'). 
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Location 


Large trees 


Smaller trees 

(date) 

Density 

Description 

Density 

Description 

Murray River, 

Gooraniadda 

(1879)' 

8/acre 

‘large red gum’ 



Murray River, 
Wodonga 
(1881)' 

10/acre 

‘large red gum’ 



Goulburn River 
(1875)* 

Barmah Forest 
(1870)* 

20/acre 

‘suitable for milling purposes’ 

80-100/acre 

18-24 inches diameter 

Millewa Forest 

2/acre 

‘fit for saw-mill purposes’ 

7/acre 

16-20 inches diameter 

(1895)* 

8/acre 

‘trees of full growth ...but 

2000/acre 

‘dense growth of 



hollow, spongy, and 
winding growth’ 


young trees’ 

Gunbower Forest 

6/acre 

‘old trees...fit for sawing’ 

40-80/acrc 

20-60 ft in height. 

(1875)* 

Gunbower Forest 
(1878)* 

6/acre 

‘trees fit for felling’ 


6-18 inches diameter 


Table 2. Estimates of tree densities within River Red Gum forests, derived from parish plans' and forestry reports*. 


Pre-emptive rights were the homestead blocks 
purchased by squatters under regulations gazetted in 
1848. Where runs included river frontage, the site 
chosen for the main homestead typically was adja¬ 
cent to the river. Many of these allotments were lo¬ 
cated on floodplains. Pre-emptive right plans date 
from 1852-73 and show the boundaries of allot¬ 
ments and the location of landmarks such as build¬ 
ings, fences and tracks. Some plans also include 
descriptions of the soil and vegetation, but again in 
general terms only (e.g. ‘tolerable loamy soil, lightly 
timbered with flooded gums’). 

Pastoral allotments were properties purchased 
by selectors from the Crown. Vegetation descrip¬ 
tions were brief (e.g. ‘good grass, red gum’). One 
plan from the vicinity of the Murray-Ovens junction 
was later amended, with references to both the na¬ 
ture of the forest and to the amount of fallen timber 
on the ground: 

‘Sparsely timbered, low lying land covered with 
debris from floods’ 

‘Fairly well timbered with large Red Gum all 
over’ 

‘Fairly well timbered hereabouts with big Red 
Gum and saplings’ 


Scientists and naturalists 

Botanists and zoologists were commissioned by the 
government to undertake extensive collecting expe¬ 
ditions. The journals of these people provided valu¬ 
able information on the nature of the landscape prior 
to European impact. 

Botanist Daniel Buncc made one reference to 
fallen timber when describing the swollen Cant- 
paspe River after heavy rains: 

‘November 29 - This morning go to the river 
with the intention of crossing, but from the late 
rains we find that it is not only not fordable, but 
very rapid, bringing down large logs of wood.’ 
(TheArgus 14/3/1850, p. 2). 

Von Mueller undertook a major scientific expedition 
along the floodplains of the Murray River-a 2500 
km journey from November 1853 to April 1854. 
Mueller (1855) gave a detailed account of the vari¬ 
ous species of plants that he encountered but pro¬ 
vided no descriptions the floodplain forests. The 
zoologist William Blandowski and the German 
botanist, Gerard Krefft, led an expedition to investi¬ 
gate the natural history of the region in the vicinity 
of the Murray-Darling junction. They did not pro¬ 
vide any general descriptions of the countryside 
(Blandowski 1857). 

Edward Curr was a squatter in the Barmah For¬ 
est region from 1841 to 1851. lie described the 
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extent and impact of burning and a couple of refer¬ 
ences to the size of the River Red Gums (Curr 
1965): 

it seems to me that its [Australia’s] condi¬ 
tion, when we took possession of it, was largely 
attributable to the customs of its aboriginal in¬ 
habitants ... there was another instrument in the 
hands of these savages which must be credited 
with results which it would be difficult to over¬ 
estimate. I refer to the fire-stick; for the black- 
fellow was constantly setting fire to the grass 
and trees, both accidentally and systematically 
for hunting purposes...’ (pp. 87-88) 

‘... towering gum trees... ’ (Goulburn River near 
Seymour) (p. 36) 

‘... the Murray with the grand trees on its 
banks...’ (p. 168) 

George Bennett made note of the large size of the 
River Red Gums that he encountered during his 
journey along the Murrumbidgee River during 
1832: 

‘... enormous trees of the Eucalyptus genus, 
called ‘water gum’ by the colonists; they attain 
from ninety to one hundred feet in height, with 
a diameter of from six to eight feet... ’ (Bennett 
1834:188) 

Edmund Hobson also commented on the River Red 
Gums that he observed on the Murray River during 
his journey from Melbourne to Sydney in 1839: 

‘... the trees on its banks are high luxuriant 
gums’ (Hobson 1839 cited in Kenyon 
1932:220) 


Thus, despite making extensive journeys along 
the rivers of the Murray-Darling system and having a 
specific interest in the natural environment, the early 
scientists and naturalists left few descriptions of the 
general nature of the riverine forests and woodlands. 

Forestry records 

The earliest reports date from the 1870s and 1880s, 
a period during which timber cutting was particu¬ 
larly intensive and new regulations were being intro¬ 
duced. Examination of these reports revealed 
information about the extent of impact of forestry 
operations at the time (Table 3), as well as providing 
some data on the structure of the River Red Gum 
forests (Table 2). 

Changes in the structure of the forests due to in¬ 
creased regeneration are also described in a couple 
of reports: 

‘Gunbowcr forest was originally rather thinly 
timbered, but the action of the floods has been to 
deposit seed in all the low ground ... From the 
appearance of the saplings, I think they must 
have been sown by the great flood of 1870. as 
they range from forty to sixty feet in height, and 
from nine to twelve inches in diameter at two 
feet from the ground.’ (Gunbowcr forest. Votes 
and Proceedings of the Legislative Assembly of 
Victoria 1878) 

'... I have no hesitation in stating that where 
there was one young tree in 1875, when I took 


Location 

Extract 

Gunbower Forest 

'this forest contains very little virgin redgum' (Votes and Proceedings of the Legislative 
Assembly of Victoria 1878) 

‘you will doubtless be surprised to see what a small portion of virgin forest rcmains’(Votes 
and Proceedings of the Legislative Assembly of Victoria 1878) 

Barmah Forest 

‘it is almost thoroughly culled of its best timber’ (Votes and Proceedings of the Legislative 
Assembly of Victoria 1875) 

The timber on the river bank, and back for an average distance of two miles, has been either 
partly or entirely worked’ (Votes and Proceedings of the Legislative Assembly of Victoria 
1878) 

'the area bearing mature timber has been cut over several times during the past sixteen 
years' (Votes And Proceedings of the Legislative Assembly of Victoria 1899) 

Goulburn River 

There is no virgin forest’ (Votes and Proceedings of the Legislative Assembly ol'Victoria 

1878) 

Ovens River, 

‘the red gum has been greatly worked out some years ago’ (Votes and Proceedings of the 

Broken River and 
Murray River 
(Bundalong-Tocumwal) 

Legislative Assembly of Victoria 1885) 


Table 3. Extracts from forestry reports detailing the impact of timber cutting on river red gum forests. 
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charge on these forest reserves, there are now 
twenty...’ (Millcwa forests. Votes and Proceed¬ 
ings of the Legislative Assembly of New South 
Wales 1895) 

‘... thinning operations commenced in 1891 ... 
On the area first operated upon thousands of 
piles, fully 60 feet in length, from 18 to 20 
inches in diameter, and as straight as arrows, 
could now be obtained. Had the forests been left 
in their unassisted state, where there are now 
from fifty to sixty such trees to the acre there 
would probably have not been more than five or 
six.’ (Millewa forests. Votes and Proceedings of 
the Legislative Assembly of New South Wales 
1895) 

These reports clearly indicate that by the late nine¬ 
teenth century, timber harvesting and silvicultural 
management had already had a major impact on the 
River Red Gum forests. 


FACTORS AFFECTING FALLEN TIMBER 
PRODUCTION 

Robinson (1997) found that old-growth River Red 
Gum woodland has a significantly higher load of 
fallen timber than younger stands, so tree size is an 
important determinant of fallen timber production. 
Historical changes in the age-structure of River Red 
Gum communities would, therefore, be expected to 
have associated changes in fallen timber abundance. 
Many photographs and reports from the 19 th century 
show or refer to huge River Red Gums, much larger 
than most of those standing today (Bennett 1834: 
188; Mueller 1879). It appears that the floodplain 
woodlands encountered in the early 19 th century 
were of a much older age-structure than those of 
today. 

Given that it is the large, veteran trees that are 
likely to produce most fallen timber, changing den¬ 
sities of these trees is critical. A limited number of 
density estimates were obtained from parish plans 
and forestry records (Table 2). The estimates for 
‘large’ trees range from 6 to 20 trees per acre. The 
actual size of these trees is not defined, but they are 
generally described as being of a size fit for milling 
(> 2-3 feet in diameter). 

European land-use may have contributed to this 
shift in the size-structure of River Red Gum stands, 
in particular: (I) changes in the burning regime and 
(2) intensive timber utilization. 


Fire regime 

Fires lit by lightning strikes or by aborigines were a 
common occurrence in the Australian landscape 
(e.g. Jacobs 1955; McArthur 1962; King 1963; Curr 
1965; Jones 1969; Nicholson 1981; Dingle 1984; 
Fahey 1986; Boutland 1988; Pyne 1991; Flannery 
1994; Dargavel 1995). River Red Gum saplings are 
extremely fire sensitive so that periodic burning im¬ 
pedes regeneration (Jacobs 1955; Dexter 1978; 
Gloury 1978; Robertson 1985). Large trees gener¬ 
ally are able to withstand low-intensity ground fires 
(Robertson 1985). Therefore, the result of frequent, 
low intensity burning of the past was the mainte¬ 
nance of open stands of predominantly large, vet¬ 
eran trees living for 500-1000 yr (Jacobs 1955; 
Chesterfield 1986; Lyons 1988). 

The large veteran trees of these woodlands most 
probably would have produced large volumes of 
fallen timber. However, the overall production of 
fallen timber by such woodlands may not necessar¬ 
ily have been high. Evidence suggests that the burn¬ 
ing regime that existed at the time also maintained 
considerably lower tree densities than at present. 
The scant existing evidence suggests a similar pat¬ 
tern of change on the floodplains. Until late last cen¬ 
tury, River Red Gum vegetation appears to have 
been generally open. 

Apparently many of today’s River Red Gum 
forests are a legacy of extensive regeneration during 
the 1870s. due to a series of high floods and mild 
summers (Jacobs 1955; Dexter 1978). Successful 
establishment of River Red Gums was particularly 
high during this period (Jacobs 1955). The result 
was the development of relatively densely stocked 
stands of young trees. 

Thus, although the areal density of trees in pres¬ 
ent-day River Red Gum communities may be signif¬ 
icantly higher than in the past, this may be mainly 
due to establishment of large numbers of trees 
around 130 yr ago—trees that are still young for the 
River Red Gum. The change in the fire regime has 
probably had little effect on the density of older trees 
(although see quotes 32, 33 in Table I). These trees 
have been subject to another pressure—timber 
harvesting. 

Timber harvesting 

The suitability of River Red Gum timber for many 
purposes was quickly realized and by the mid 1800s 
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was in great demand. Initially, the timber was ex¬ 
ploited for heavy construction (Donovan 1997), Im¬ 
mense quantities of River Red Gum were consumed 
as firewood during the 19 th century. The 1150 steam 
engines of Victoria s gold mines consumed > I O' 1 
tons of firewood p.a. (Blainey 1984). Vast quantities 
of timber were used for steam production for mills 
(Moulds 1991). Huge quantities of River Red Gums 
were cut for railway sleepers. Demand for red gum 
sleepers remained high for the next 100 yr. 

Removal of timber from the Victorian side of the 
Murray River was so complete that, by the 1880s, 
River Red Gum timber from the New South Wales 
side of the river was required to satisfy Victorian de¬ 
mand (Donovan 1997; Votes and Proceedings of the 
Legislative Assembly of New South Wales 1895). 
Commissioned reports on state forests and timber 
reserves condemned the government’s lack of con¬ 
trol of state-forestry interests: 

‘In conclusion, we feel it our duty to point out 
that the forests of Hannah and Gunbowcr have 
not received the care and protection which 
should have been bestowed upon so valuable a 
State property. No private owner of extensive 
areas of redgum would for a moment deal with 
such an estate in the manner in which these im¬ 
portant reserves have been managed and worked 
in the past." (Votes and Proceedings of the Leg¬ 
islative Assembly of Victoria 1899) 

The most significant effect of this long history of 
timber harvesting has been the removal or death of 
almost all the large trees. Most of the huge, old 
River Red Gums from the pre-European woodlands 
have long been removed. The majority of these trees 
would have been many centuries old. Thus, despite 
the regrowth that has occurred since this time, the 
River Red Gum forests would be of a much younger 
demography than those of the past. 

Although forestry operations have contributed 
to a decline in the numbers of large, debris-produc¬ 
ing trees, substantial amounts of logging residue 
also are produced (i.e. defective timber and the 
smaller braches of tree crowns). This is generally 
not, however, a source of long-term fallen timber. In 
the past, logging debris was piled up and burnt 
(Broughton 1966), while now' it is made available to 
firewood collectors (Donovan 1997; Read, Sturgess 
and Associates 1995). 


FACTORS AFFECTING FALLEN TIMBER LOSS 
Natural decomposition 

Rates of decay of red gum wood are very low by 
world standards, with pieces of dead timber remain¬ 
ing intact for > 100 yr (Robinson 1997). It is un¬ 
likely that rates of decomposition of red gum debris 
have altered significantly over the last couple of 
centuries. 


Removal by floodwaters 

Two changes have occurred since the mid 1800s that 
may have influenced the extent of movement of 
floodplain debris, particularly the transfer of fallen 
timber from the floodplain into the main channel or 
drainage lines. The first is the changes in the nature 
of floods as a result of river regulation. Because 
winter/spring inflows into the river system arc now 
held in storage for release to meet irrigation de¬ 
mands in summer and autumn, the large annual 
floods that occurred under the natural flow regime 
have declined in both magnitude and frequency 
(Close 1990). In the past, such floods may have re¬ 
sulted in the frequent redistribution of floodplain 
debris. 

The second influence is the increased density of 
trees on many areas of floodplain due to the exten¬ 
sive regeneration that occurred late in the nineteenth 
century. This would inhibit the translocation of 
fallen timber, regardless of the magnitude of a flood. 
This factor alone is likely to have resulted in an 
overall decrease in the amount of fallen timber that 
would be transported off the floodplain. 

Combustion 

Frequent, low-intensity burning was prevalent on 
pre-European floodplains. Fires are now less fre¬ 
quent but would generally be of greater intensity. 
This change may have affected the rate at which 
fallen timber is lost from floodplains due to fires. 

Fires within floodplain forests are relatively 
slow-moving due to the low-relief topography and 
relatively low fuel loads—coarse fuels are not im¬ 
portant to the rate of spread of a fire (Tolhurst et al. 
1992). Dry red gum wood will readily catch alight 
during forest fires, especially if partially decayed, 
and, once alight is long-burning until completely 
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consumed (L. Bren, pers. comm.). Therefore, con¬ 
siderable volumes of fallen timber are likely to be 
lost from floodplain ecosystems during fires, even 
those of low-intensity. 

Firewood collection 

River Red Gum is one of the most highly sought 
fuel-wood-trce species in temperate Australia (FTS 
& UT 1989). In Victoria, firewood represents the 
largest single use of products from public forests, at 
1.2 to 2.5 xIO 6 m 3 p.a. in 1995, compared with a 
total sawlog production of about 1.0 xlO 6 m 3 p.a. 
and total pulpwood production of 0.9 XlO 6 m 3 p.a. 
(Read Sturgess and Associates 1995). Although 
used primarily for household heating, the industry 
continues to undergo rapid growth (Donovan 1997). 
In the Millewa forests, use of residue timber from 
logging operations for firewood has increased from 
5000 tonnes in 1985 to 35,000 tonnes in 1996 
(Donovan 1997). 

On public land, firewood collection (both com¬ 
mercial and domestic) is permitted only in desig¬ 
nated areas of forest that are shifted periodically. 
Even so. large areas of land are sometimes almost 
completely denuded of fallen timber, particularly 
from areas close to towns (FTS & UT 1989). 

CURRENT WOODLOADS AT BARMAH- 
MILLEWA 

In 1997-1999, we undertook an extensive survey of 
fallen-timber loads across the entire southern Mur¬ 
ray-Darling floodplain system (Mac Nally et al. 
2000b). Part of this survey involved measurements 
of 60 0.5 ha plots randomly sited in the Barmali- 
Millewa forests. In each 200 m x 25 m transect, all 
pieces of fallen timber exceeding 10 cm diameter 
were measured. 


From these data, and assuming a mass-density 
of 0.6 tonne nr 3 (Robinson 1997), we estimated that 
the average extant load of fallen timber at Barmah 
was 24.36 tonne ha -1 and, at Millewa, 16.78 tonne 
ha 1 , both of which much exceeded the average load 
at Gunbower Island (11.78 tonne ha -1 ) (Table 4). Our 
preceding historical analysis provided scant evi¬ 
dence to assess these figures against a possible pre- 
European figure. Robinson (1997) measured fallen 
timber loads in several old-growth, very isolated 
sites in Millewa, recording a figure of ca 125 tonne 
ha -1 . If this figure is more representative of pre-Eu¬ 
ropean loads, then all three floodplain forests, 
among the main extant representatives of the River 
Red Gum ecosystem, are likely to be very much im¬ 
poverished. By using bootstrap resampling, we esti¬ 
mated that the total fallen timber load at Barmah 
was between 565,700 and 957,700 tonne, and be¬ 
tween 432,300 and 710,300 tonne at Millewa 
(Table 4). 

We have strong experimental evidence that loads 
of > 40 tonne ha 1 are favoured by the near-threat¬ 
ened (Garnett & Crowley 2000) Brown Treecreeper 
Climacteris picumnus and the Yellow-footed An- 
techinus Antcchinus flavipes (Mac Nally ct al. 
2002a; Mac Nally and l lorrocks 2002). Therefore, 
even if the Robinson figure is unrepresentative, the 
current loads do appear to be much lower than de¬ 
sirable based on the needs of representative birds 
and mammals. 
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Unit 

Area 

ha 

Transects 

No 

Transect mean 

tonne ha' 1 

Unit totals' 

(summed over entire area) 

Lower CL 2 
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30 
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565,700 

741,900 

957,700 

Millewa 

33,600 

30 

16.78 

432,300 

562,600 

710,300 

Gunbower 

21,000 

30 

15.99 

272,700 

335,900 

392,200 


1 Data are expressed in tonne. 

2 CL, confidence limit (upper or lower 2.5%) 


Table 4. Data on estimates of fallen timber in three Murray-Darling floodplain forests. 
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Ballinger, A. & Mac Nally, R„ 2005. Flooding in Barmah-Millewa Forest: Catastrophe or opportunity 
for non-aqualic fauna? Proceedings of the Royal Society of Victoria 117(1): 111-115. ISSN 0035- 
9211. 

The responses of non-aquatic invertebrates and invertebrate-eating taxa to managed flooding in the 
Barmah-Millewa Forest are examined. The non-aquatic fauna displays a range of adaptations to cope 
with inundation of the forest floor. Evidence is presented to support the hypothesis that aquatic insects 
in tloodwaters provide an important dietary subsidy for non-aquatic insectivores, namely predatory 
arthropods, small mammals and birds. These animals need to be considered when evaluating the eco¬ 
logical ‘value' of managed Hooding. 
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IN south-eastern Australia, the Barmah-Millewa For¬ 
est has played an important role in broadening the 
scope of the ecological discussion about environ¬ 
mental flows from being a debate constrained largely 
to considering processes within the river channel to 
one that encompasses floodplain processes (Kings- 
ford 2000). Riparian forests are dynamic habitats 
that alternate between an aquatic phase and a terres¬ 
trial phase as floods inundate the floodplain and sub¬ 
sequently recede (Junk et al. 1989; Junk 1997). It is 
well established that aquatic taxa typically benefit 
from flooding because flooding reconnects the river 
channel to the floodplain, providing opportunities to 
colonise new areas and access different food and 
habitat resources, as well as favourable conditions to 
breed (Bayley 1991; Junk et al. 1989). Research on 
the ecological impacts of flooding in Barmah- 
Millewa Forest has focused on vegetation communi¬ 
ties (e.g. Ward 1991), water birds (e.g. Barmah- 
Millewa Forum 2001) and, to a lesser extent, fish 
(e.g. McKinnon 1997). This research has been cap¬ 
tured in management policy; the objectives of The 
Living Murray program for Barmah-Millewa Forest 
make specific mention of vegetation communities, 
waterbirds and fish (Murray-Darling Basin Ministe¬ 
rial Council 2004). However, greater knowledge of 
the effects of flooding on the non-aquatic fauna, and 
the linkages between aquatic and terrestrial food 
webs, is requisite for ecologists and policy makers to 
more thoroughly understand the impact of river reg¬ 
ulation on the whole system. 


The non-aquatic fauna is an integral component 
of the floodplain ecology that largely has been ig¬ 
nored in the water management of the Barmah- 
Millewa Forest. The non-aquatic fauna constitutes a 
large proportion of the biodiversity in the flood- 
plain: of the 26 species of mammal in the Barmah- 
Millewa Forest today, only two, the water rat 
Hydromys chrygogasler and the platypus Or- 
nilhorhynchus amuintts could be classified as 
aquatic (Chesterfield et al. 1984); less than one third 
of the 158 species of birds arc waterbirds (Chester¬ 
field et al. 1984). Similarly, aquatic invertebrates 
make up only a small proportion of total invertebrate 
diversity. Managed flooding may benefit non- 
aquatic consumers, alternatively flooding may be 
catastrophic for these animals. 

Floodwaters typically are highly productive 
(Junk el al. 1989; Robertson et al. 1999). Substantial 
amounts of energy and nutrients may flow from in¬ 
undated floodplains to surrounding terrestrial con¬ 
sumers. Aquatic production subsidising terrestrial 
food webs has been demonstrated in a number of ri¬ 
parian situations (see review by Baxter et al. 2005), 
but we are not aware of any studies that have sought 
to demonstrate such subsidies in the context of low- 
land river-floodplains. 

Predictable flood patterns are hypothesised to 
favour behavioural, anatomical or physiological 
adaptations to flooding in the non-aquatic biota 
(Junk et al. 1989). Conversely, where flooding is un¬ 
predictable. the impact of fauna is hypothesized to 
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be catastrophic (Junk et al. 1989). While flooding in 
Barmah-Millewa is broadly seasonal, there is sub¬ 
stantial variability in both the timing and extent of 
flooding. This raises the question: is the non-aquatic 
fauna in Barmah-Millewa Forest 'adapted' to flood¬ 
ing or is flooding ‘catastrophic’ for the non-aquatic 
fauna? To answer this question, we consider the re¬ 
sponses of non-aquatic invertebrates, mammals and 
birds to flooding in a river red gum Eucalyptus 
camaldulensis floodplain forest. 

INVERTEBRATES 

Immediately following flooding, the abundance, 
species richness and biomass of beetles were greatest 
at sites in Barmah Forest that had been inundated for 
the longest period (c. four months) (Ballinger et al. 
2005). The abundance, species richness and biomass 
of spiders were not reduced at sites that were flooded 
for four months compared with untlooded or briefly 
flooded areas (Ballinger et al. 2005). Sites recently 
flooded for several months had high densities of 
predatory, hygrophilic (ie. ‘humidity-loving’) beetles 
(Carabidae) and spiders (Lycosidac). Carabid beetles 
and lycosid spiders are predators that inhabit flood- 
plain ecotones worldwide. In Europe, it is well es¬ 
tablished that certain carabid beetles and lycosid 
spiders are highly adapted to the floodplain environ¬ 
ment and prey on aquatic invertebrates stranded in 
receding floodwaters (Theilc 1977; Zulka 1994; 
Siepc 1995). In Australia, little is known about the 
ecological requirements of riparian carabid beetles 
(New 1998) or lycosid spiders, although work by 
Framenau et al. (2002) suggests that they may share 
characteristics, such as high mobility', that enable 
their relatives to survive on floodplains elsewhere. 

Beetles common on the forest floor following 
Hooding were fully winged and, therefore, poten¬ 
tially highly mobile. High mobility is advantageous 
for floodplain hygrophiles, not only to avoid drown¬ 
ing in rising floodwaters (Darlington 1943), but also 
to rapidly colonise areas left exposed by receding 
floodwaters in order to exploit stranded aquatic prey. 
Floodplain lycosid spiders also are very mobile. 
Whereas many large lycosid spiders inhabit bur¬ 
rows, which are vulnerable to flooding, the small 
floodplain species of the genus Artoria do not use 
burrows (Framenau 2002). Lycosid spiders have 
mobile brood care, enabling eggs and spidcrlings to 
be protected from drowning or desiccation as condi¬ 
tions change (Uetz 1976; Framenau et al. 2002). 


We found the ground-active ant fauna in the 
Barmah-Millewa Forest to be relatively depauperate 
with only 41 morphospecies. Similarly, Mecson et 
al. (2002) recorded only 35 species, although the 
sampling effort in that study was less. In the most 
flood-prone areas, the ground-active ant assem¬ 
blages were numerically dominated by a few species 
that are resilient to flooding, possibly because they 
move their nests to under loose bark on the trunks of 
river red gums when the forest floor is inundated. In 
contrast to the successful floodplain beetles and spi¬ 
ders, which are specialised inhabitants of riparian 
zones, the ant species in flood-prone areas have 
been classified as ‘opportunistic’ (Hoffman & An¬ 
dersen 2003). They are characterised by broad diets 
and likely scavenge aquatic-insect remains from re¬ 
ceding floodwaters. These ants also have highly 
plastic reproductive habits (Ward 1986; Fraser et al. 
2000) that may allow rapid recovery of numbers 
after flooding. The floodplain ant fauna contributes 
to a number of ecological processes, such as soil en¬ 
gineering (see review by Folgarait 1998). and might 
be an important food source for some insectivores. 

Thus, the ground-active invertebrate fauna in the 
Barmah-Millewa Forest may be divided into two el¬ 
ements that are ‘adapted’ to flooding in different 
ways: 

1. Specialised groups: those with a long asso¬ 
ciation with wetland habitats 

2. Generalist groups: those with characteristics 
serendipitously favouring existence on the flood¬ 
plain. 

However, many other invertebrates appear vul¬ 
nerable to flooding. Spiders of the family Zodari- 
idac, which often prey on anls, are more abundant in 
the less flood-prone areas of Barmah-Millewa For¬ 
est compared with areas that are inundated relatively 
frequently (Ballinger et al. 2005). Flooding also has 
a role to play in controlling populations of inverte¬ 
brate pests in the Barmah-Millewa Forest, such as 
the gum leaf skeletonizer moth Urabu lugens 
(Campbell 1962; Harris 1972). The gum leafskelc- 
tonizer is a well-known and widespread defoliator of 
eucalypts. Periodic outbreaks of the moth cause de¬ 
foliation in river red gum forest. Flooding increases 
mortality of larvae by drowning and possibly by cre¬ 
ating favourable conditions for the growth of patho¬ 
genic fungi and bacteria (Harris 1972). 
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INSECTIVOROUS MAMMALS 

The ‘pulse’ in populations of hygrophilic inverte¬ 
brates and aquatic invertebrates associated with 
managed or natural Hooding may be valuable to in¬ 
sectivorous species on the floodplain, especially as 
flooding is associated with a substantial increase in 
the biomass of hygrophilic invertebrates (Ballinger 
et al. 2005). 

Since 1999, we have been monitoring responses 
of the floodplain-dwelling yellow-footed antechinus 
Antechinus flavipes at Gunbower Island to both 
flooding regime and distributions of fallen timber 
(see also Mac Nally and Parkinson, this issue). 
These studies suggest that antechinus persist in very 
low densities (ca < 0.2 ha 1 ) for long periods when 
the floodplain is not inundated annually. When a 
major Hood occurs, populations may increase sub¬ 
stantially to densities exceeding 2.3 ha' 1 (Mac Nally 
& Horrocks 2002). We believe that the 20-fold in¬ 
crease in densities reflects increased survivorship of 
this fecund, small, insectivorous marsupial when 
there are large amounts of food available, especially 
large beetles and spiders. We also have collected 
samples of invertebrates simultaneously with trap¬ 
ping, and these show increases in invertebrates 
likely to sustain antechinus foraging. Subsequent, 
smaller Hoods yielded similar impacts on both an¬ 
techinus numbers and invertebrate availabilities. 

Are these patterns likely to occur at Barmah- 
Millewa too? Populations of yellow-footed antechi¬ 
nus often irrupt in river red gum floodplains across 
northern Victoria and southern New South Wales 
following Hooding or sustained rainfall, such as oc¬ 
curred at Reedy Lake, near Rushworth, in central 
Victoria in early 2005 (Mania Lada Monash Univer¬ 
sity pers. comm.). While we cannot be definite with¬ 
out focused studies, we hypothesise that the 
responses of invertebrates to flooding, particularly 
increased densities of hygrophilic beetles and spi¬ 
ders, provide improved conditions for survivorship 
of the young-of-the-year antechinus on river red 
gum floodplains. 

Populations of several species of bats also reach 
comparatively high densities in wetland-forest com¬ 
plexes, as emergent insects are likely to be a main 
component of their diet. Lumsden et al. (2002) 
found bats to use the Barmah-Millewa Forest for 
roost sites more than remnant vegetation in sur¬ 
rounding farmland, possibly because the forest may 
offer higher prey density than surrounding farm¬ 
land. 


INSECTIVOROUS BIRDS 

Chesterfield et al. (1984) surveyed the bush birds in 
the Barmah-Millewa Forest in a year when the for¬ 
est was dry [1977] and a year with extensive Hood¬ 
ing in the forest [1978], Chesterfield et al. (1984) 
concluded that the land-bird assemblages were re¬ 
markably similar between the two years with the 
main difference being the larger number of aerial in- 
sectivores (eg. rainbow bee-eater Merops ornatus 
and welcome swallow Hirundo neoxena ) in the for¬ 
est in Hood years, preying on insects emerging from 
floodwaters. Chesterfield et al. (1984) remarked on 
the capacity of some species of ground-feeding in- 
sectivores to feed on fallen timber above the water 
level when the forest floor is submerged. Mac Nally 
et al. (2001) also noted the importance of fallen tim¬ 
ber as a feeding substrate for birds in river red gum 
forest. 

Chesterfield et al. (1984) contended that the re¬ 
ceding edges of floodwaters offer particularly 
favourable feeding conditions. Other researchers 
also have remarked that inundated floodplains at¬ 
tract insectivorous birds (eg. Kingsford 2000; 
Parkinson et al. 2002). The density of insectivorous 
birds is strongly correlated with aquatic-insect 
emergence, both spatially and temporally (Gray 
1993). Adult aquatic insects have been recorded in 
the diet of approximately 64 species of Australian 
birds (Barker & Vestjens 1940), suggesting that 
emergent aquatic insects may provide a valuable di¬ 
etary subsidy to land birds in floodplain forest. 

CONCLUSION: REALISING THE FULL 

ECOLOGICAL ‘VALUE’ OF FLOODING 

Although the focus of environmental flows in the 
Barmah-Millewa Forest has been predominantly the 
management of vegetation communities and water 
bird breeding events, other elements of the biota are 
likely to be affected substantially by flood regimes. 
In particular, the Barmah-Millewa Forest has a rich, 
insectivorous fauna comprising winged and semi-ar¬ 
boreal species. Floodwaters may provide these insec- 
tivorcs with additional prey, by increasing 
populations of both aquatic insects and hygrophilic 
arthropods, such as carabid beetles. Consumption of 
these arthropods transfers energy and nutrients from 
the aquatic system into the terrestrial foodwebs, 
subsidising populations of non-aquatic animals. This 
subsidy may have ramifications that extend beyond 
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the Barmah-Millewa Forest. For instance, the many 
bats that roost in the Barmah-Millewa Forest may 
control invertebrate pests in surrounding farmland 
(Lumsden 2004). However, our knowledge of the im¬ 
pact of flooding on non-aquatic fauna is limited and 
is often gleaned indirectly from studies that have ad¬ 
dressed different questions. Greater knowledge ol 
the factors regulating the value of production in 
floodwaters to terrestrial consumers would enable 
the ecological ‘value’ of flooding to be evaluated 
more completely and. eventually, could facilitate hy¬ 
drological management of Barmah-Millewa Forest to 
achieve broader whole-of-ecosystem objectives. 

ACKNOWLEDGEMENTS 

We thank the Australian Research Council, the Her- 
mon Slade Foundation, the Murray-Darling Basin 
Commission and the Co-operative Research Centre 
for Freshwater Ecology for funding this work. Sam 
Lake and Greg Horrocks provided important input. 
This is publication number 83 from the Australian 
Centre for Biodiversity: Analysis. Policy and Man¬ 
agement at Monash University. 

REFERENCES 

Ballinger, A., Mac Nally, R. & Lake, P.S., 2005. 
Immediate and longer-term effects of man¬ 
aged flooding on floodplain invertebrate 
assemblages in south-eastern Australia: 
Generation and maintenance of a mosaic 
landscape. Freshwater Biology 50: 
1190-1205. 

Barker. R.D. & Vestjkns, W.J.M., 1940. The Food of 
Australian Birds: Passerines, vol. 11, 
CSIRO Australia, Melbourne, pp. 403-557. 
Barmah-Millewa Forum, 2001. Report on Barmah- 
Millewa Forest Flood of Spring 2000 and 
the Second use of the Barmah-Millewa For¬ 
est Environmental Water Allocation, Spring 
Summer 2000-2001 . Murray Darling Basin 
Commission, Canberra. 

Baxter, C.V, Faush. K.D. & Saunders. W.C., 2005. 
Tangled webs: reciprocal flows of inverte¬ 
brate prey link streams and riparian zones. 
Freshwater Biology 50: 201-220. 

Bayley, P.B., 1991. The flood pulse advantage and 
the restoration of river-floodplain systems. 


Regulated Rivers: Research and Manage¬ 
ment 6: 75-86. 

Campbell, K.G., 1962. The biology o C Rosalia lu- 
gens (Walk), the gum leaf skeletoniser 
moth, with particular reference to the Eu¬ 
calyptus camaldulensis (Dehnh.) (river red 
gum) forests of the Murray Valley region. 
Proceedings of the Linnean Society of 
New South Wales 87: 316-318. 

Chesterfield, E.A., Loyn, R.H. & MacFarlane, 
M.A., 1984. Flora and Fauna of Barmah 
State Forest and their Management. Re¬ 
search Branch report no. 240, Forests Com¬ 
mission, Victoria. 

Darlington, P.J.. 1943. Carabidae of mountains and 
islands: data on the evolution of isolated 
fauna and on atrophy of wings. Ecological 
Monographs 13: 37-61. 

Folgarait, P.J., 1998. Ant biodiversity and its rela¬ 
tionship to ecosystem functioning: a re¬ 
view. Biodiversity and Conservation 7: 
1221-1244. 

Framenau, VW. 2002. Review of the wolf spider 
genus Artoria Thorcll (Araneae, Lycosidae). 
Invertebrate Systematics 16:209-235. 

Framenau, V.W., Manderbach, R. & Baehr, M., 
2002. Riparian gravel banks of upland and 
lowland rivers in Victoria (South-east Aus¬ 
tralia): Arthropod community structure and 
life history patterns along a longtudinal 
gradient (Araneae, Lycosidae; Coleoptera, 
Carabidae). Australian Journal of Zoology 
50: 103-123. 

Fraser, V.S., Kaufmann. B., Oldroyd, B.P. & 
Crozier, R.H., 2000. Genetic influence on 
caste in the ant Camponotus consobrinus. 
Behavioural Ecology and Sociobiology 
47: 188-194. 

Gray, L.J., 1993. Responses of insectivorous birds to 
emerging aquatic insects in riparian habitat 
of a tallgrass prairie stream. American 
Midland Naturalist 129: 288-300. 

Harris, J.A., 1972. The Effect of Flooding on Popu¬ 
lation Density of the Gum Leaf Skele¬ 
tonize!' Moth Uraba lugens Walk., in 
Barmah State Forest. Research Branch re¬ 
port no. 25, Forests Commission, Victoria. 

Hoffman, B.D. & Andersen, A.N., 2003. Responses 
of ants to disturbance in Australia with par¬ 
ticular reference to functional groups. Aus¬ 
tral Ecology 28: 444-464. 


FLOODING IN BARMAH-M1LLEWA FOREST 


115 


Junk, W.J., 1997. General aspects of floodplain ecol¬ 
ogy with special reference to Amazonian 
floodplains. In The Central Amazon Flood- 
plain: Ecology of a Pulsing System. W. J. 
Junk, ed Springer, Berlin, 3-20. 

Junk, W.J.. Bayley, P.B. & Sparks, R.E., 1989. The 
flood pulse concept in river-floodplain sys¬ 
tems. Special Publications of the Cana¬ 
dian Journal of Fisheries and Acpiatic 
Sciences 106: 110-127. 

Kingsford, R.T., 2000. Ecological impacts of dams, 
water diversions and river management on 
floodplain wetlands in Australia. Austral 
Ecology 25: 109-127. 

Lumsden, L.F., 2004. The Ecology and Conservation 
of Insectivorous Bats in Rural Landscapes. 
PhD. thesis, Dcakin University, Victoria, 
242-243. 

Lumsden, L.F., Bennett, A.F. & Silins, J.E.. 2002. 
Location of roosts of the lesser long-eared 
bat Nyctophilus geoffmi and Gould’s wat¬ 
tled bat Clialinolobus gouldil in a frag¬ 
mented landscape in south-eastern 
Australia. Biological Conservation 106: 
237-249. 

Mac Nally, R„ & IIorrocks, G., 2002. Habitat 
change and restoration: responses of a 
floodplain forest-floor mammal species to 
manipulations of fallen timber in forests. 
Animal Biodiversity and Conservation 
1:41-52. 

Mac Naley, R.C., Parkinson, A., Horrocks, G„ 
CONOLE, L. & Tzaros, C., 2001. Relation¬ 
ships between terrestrial vertebrate diver¬ 
sity, abundance and availability of coarse 
woody debris on south-eastern Australian 
floodplains. Biological Conservation 99: 
191-205. 

McKinnon, L.J., 1997. Monitoring offish aspects of 
the flooding of Barmah Forest. Final report 
to the Murray-Darling Basin Commission 
for Natural Resources Management Strat¬ 
egy Project V014, Marine and Freshwater 
Resources Institute, Queenscliff. 

Meeson, N„ Robertson, A.I. & Janson, A., 2002. 
The effects of flooding and livestock on 
post-dispersal seed predation in river red 
gum habitat. Journal of Applied Ecology 
39:247-258. 


Murray-Darling Basin Ministerial Council, 
2004. The Living Murray Environmental 
Works and Measures Program. Murray- 
Darling Basin Commission, Canberra. 

New, T.R., 1998. The role of ground beetles 
(Coleoptera: Carabidae) in monitoring pro¬ 
grammes in Australia. Annales Zoologici 
Fennici 35: 163-171. 

Parkinson, A., Mac Nally, R. & Quinn, G.P., 2002. 
Differential macrohabitat use by birds on 
the unregulated Ovens River floodplain of 
southeastern Australia. River Research and 
Applications 18: 495-506. 

Robertson, A.I., Bunn, S.E., Boon, P.I. & Walker, 
K.F., 1999. Sources, sinks and transforma¬ 
tions of organic carbon in Australian flood- 
plain rivers. Marine and Freshwater 
Research 50: 813-830. 

Siepe, A., 1995. The "flooding behaviour” of Carabid 
beetles (Coleoptera: Carabidae) in river 
floodplains: Ecological and ethological 
adaptations to periodic inundations- 1: 
Swimming. Zoologishe Jarbuecher 
Abteilung Fur Systematik Oekologie and 
Geographic der Here 121:515-566. 

Theile, H„ 1977. Carabid Beetles in their Environ¬ 
ments: A Study of Habitat by Adaptations 
in Physiology and Behaviour. Springer- 
Verlag, Berlin. 

Uetz, G.W.. 1976. Gradient analysis of spider com¬ 
munities in a streamside forest. Oecologia 
22: 373-385. 

Ward, K.A., 1991. Investigations of the Flood Re¬ 
quirements of the Moira Grass Plains in 
Barmah Forest, Victoria. Integrated Water¬ 
ing Strategy report no. 1, Department of 
Conservation and Environment, Mel¬ 
bourne. 

Ward, P.S., 1986. Functional queens in the Australian 
greenhead ant, Rhytidoponera metallica 
(Hymenoptera: Formicidae). Psyche 93: 
1 - 12 . 

Zulka, K.P., 1994. Carabids in a Central European 
floodplain: species distribution and sur¬ 
vival during inundations. In Carabid Bee¬ 
tles: Ecology and Evolution K. Desender, 
ed, Kluwer Academic Publishers, Dor¬ 
drecht, 399-405. 



























FISH AND THE BARMAH-MILLEWA FOREST: HISTORY, STATUS 
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The Barmah-Millewa Forest is a large river red gum forest on the Murray River floodplain, well 
known for its ecological significance, particularly for waterbird breeding. Historically, a wide variety of 
native fish were abundant in the region, and they were an important component of the diet of the local 
Aboriginals, I lie region also quickly became the focus of a large commercial fishing enterprise after Eu¬ 
ropean settlement. Media records of the day suggest that the weekly catch varied from one to six tonnes 
ol fish, mainly Murray cod ( Maccullocltella peelii peelii). Catches of native fish soon began to decline, 
and combined with the later effects of other factors such as river regulation, native fish populations de¬ 
clined rapidly to present day levels. Today, whilst the Forest’s fish fauna has been reduced in abundance 
and diversity and introduced species are common, the Forest remains an important area for native fish. 
This paper discusses historical accounts and the current status of fish fauna in the region, and highlights 
a number of the specific challenges pertaining to the sustainable management and rehabilitation of na¬ 
tive fish populations in the region. 

Key words: Murray River, carp, wetlands, inland commercial fishery 


THE BARMAH-MILLEWA Forest occurs on the 
Murray River floodplain upstream of Echuca. 
Whilst the Forest is principally recognised for its ex¬ 
tensive River Red Gum stand, it also contains a va¬ 
riety of permanent and ephemeral aquatic habitats 
suitable for fish, including swamps, rushlands, open 
lakes, billabongs, creeks and open grassland areas 
when inundated, and the channels of the Murray and 
Edward Rivers and Broken Creek. Although largely 
hidden front the human eye, fish are an integral 
component of river ecosystems, and are important in 
the Barmah-Millewa region for ecological, recre¬ 
ational and cultural reasons. 


HISTORICAL PERSPECTIVE 

Early accounts of the Barmah-Millewa region sug¬ 
gest that native fish were both diverse and highly 
abundant. The explorer Charles Sturt travelling 
through the region in 1838, noted a group of Abo¬ 
rigines fishing with “astonishing success” (Sturt 
1838 cited in Leslie 1995): "the perch, the Dangan a 
species of barbel and a small fish like the roach with 
glittering silvery scales”. (Perch were most likely 
golden perch (Macquarici ambigita), Dangan most 
likely freshwater catfish ( Taiulanits tandamts ) and 


glittering silvery scaled fish perhaps bony herring 
(Nematalosa erebi) or silver perch ( Bidyanus 
bidyanus)). Fish were an important food source for 
Aborigines, with Curr (1965) reporting that "... the 
[Aborigines] loved fish, more especially the fat fish, 
The supply of their favourite food existed in such 
abundance, and was so easily procured...”. The 
Aboriginal fishing parties used a variety of methods 
to capture the fish including spearing, netting, 
hooked lines, trapping and poisoning waterholes. 
Some methods were quite ingenious and required 
significant skill. For example, Aboriginals con¬ 
structed weirs from closely spaced wooden stakes 
across channels, trapping fish moving back into the 
river on receding floodwaters in spring and summer. 
'I his method was often highly successful, and able to 
supply their camps with abundant food for weeks 
(Curr 1965; Hibbins 1991). They were also profi¬ 
cient in capturing fish using underwater spearing 
and trapping techniques. One such method involved 
placing a hand net over the entrance of a hollow log 
on the bottom of the river, and forcing large cod 
from the log using branches pushed from the other 
end (Robinson 1988 cited in Leslie 1995). 

These bountiful resources that were such an im¬ 
portant food source and cultural activity for local 
Aboriginals were soon exploited by European set- 
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tiers. In 1859, Joseph Waldo Rice (Rice’s Weir on 
Broken Creek is named in his honour) established 
what was probably the first commercial inland fish¬ 
ing enterprise in Australia, largely centered at Moira 
Lake (Leslie 1995). The Lake Moira Fishing Com¬ 
pany or Murray River Fishing Company (as it was 
later known) supplied fish to markets principally in 
Bendigo and Melbourne. The company employed 
ten (white) men full time, but also exploited the 
fishing skills of a number of Aboriginal men, who 
were paid with alcohol in-lieu of wages (Flibbins 
1991; Leslie 1995). In 1869. the Illustrated Aus¬ 
tralian News (22 March 1869) reported that the 
weekly catch varied between one and six tonnes, and 
averaged three tonnes. Even out of season, half a 
tonne of fish was reputedly transported weekly to 
Melbourne markets (Priestley 1965). Leslie (1995) 
suggested that this average would have equated to 
around 160 tonnes of fish per year (or 32,000 indi¬ 
viduals weighing an average 5kg) being removed 
from the lakes and rivers of the region. In 1883, the 
first official records from Moama show that around 
150 tonnes of fish per year were transported to Mel¬ 
bourne markets. However this is still likely to be an 
underestimate of the total catch for the region, as it 
does not include fish transported directly to Echuca 
or fish sold locally, suggesting that the total catch 
delivered to Victorian markets from Echuca regu¬ 
larly exceeded 150 tonnes annually (Leslie 1995). 

Catches were at their greatest during the spawn¬ 
ing season, when fish were heavily targeted in the 
lakes and often sent to market in full roe. The Com¬ 
pany was repeatedly criticised in the media for de¬ 
stroying “millions” of fish from Moira Lake (Leslie 
1995). Until the 1860s, most fishing was centered 
on Moira Lake, with catches dominated by Murray 
cod ( Maccullochella peelii peelii), but also included 
“bream, perch and carp” (Illustrated Australian 
News, 22 March 1869). (Bream were most likely sil¬ 
ver perch, perch probably golden perch, and carp 
most likely goldfish ( Carassius auratus) not com¬ 
mon carp (Cyprinus carpio) as the latter was not 
recorded in the region until the late 1970s (Koehn et 
al. 2000)). However, by the 1890s the total catch 
taken to market had declined significantly to around 
only 35 tonnes per year, and was dominated by 
golden perch (Leslie 1995). 

Legal commercial harvesting was not the only 
fishing operation affecting fish populations of the 
Barmah-Millewa region during this time. The region 
also supported Aboriginal subsistence fishing, and a 
large number of non-professional fisherman regu¬ 


larly fished the lakes and rivers of the region, using 
a variety of trapping and netting methods (Leslie 
1995). In 1895, John Chanter, then Member for 
Murray in Victoria, described the scene on the Vic¬ 
torian side of the lakes as “just one mass of nets that 
are termed gill nets, and it is absolutely impossible 
for the fish to get out of the lakes into the river no 
matter how small or large the fish may be” (Chanter 
1895, cited in Leslie 1995). 

During the same time as commercial fishing op¬ 
erations were at their peak, paddlesteamer traffic on 
the Murray River in the region increased dramati¬ 
cally and fish habitat in the river subsequently suf¬ 
fered. When Europeans first came to the region, the 
Murray River was full of trees (or snags) that had 
fallen into the river over centuries (Flibbins 1991). 
To enable this new form of transport to navigate the 
waters safely, the snags were cleared from the water 
in their thousands. Early snagging attempts only cut 
the snags above the water line, but operations soon 
became more efficient with dedicated snagging 
boats removing the snags by winch and pulley. In 
1864, a lone snagging crew consisting of a snag 
boat, two punts and bullock teams, dragged 962 
snags from between Tocumwal and Wahgunyah and 
cleared over 500 overhanging trees on the edge of 
the river (Priestley 1965). Today, we know that na¬ 
tive fish, such as the cods and perches, are highly re¬ 
liant on snags as habitat in rivers (see Crook and 
Robertson 1999). The removal of such large num¬ 
bers of snags throughout the region is likely to have 
had a profound impact on native fish populations. 
Whilst the removal of snags from rivers is now 
strictly controlled, the Murray River and its fish still 
suffer from the effects of the removal of such large 
numbers of snags. 

THE DECLINE IN NATIVE FISH 
POPULATIONS AND CURRENT STATUS 

Concern over the decline in native fish numbers in 
the Barmah-Millewa region were reported as early 
as the mid 1860s (Leslie 1995), and more broadly 
throughout inland NSW by the 1880s (Rowland 
1989). In 1892, John Manton, a Fisheries Inspector 
and Forest Ranger of the region, reported to the 
Fisheries Commissioners that: 

“For some years past the dearth of all kinds of 
fish has been great in the river Murray, owing to 
the vandalic and ill-controlled system of net- 
fishing ... fishing by bag and gill nets is rapidly 
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depopulating the fish in the river ... All the way 
up the river [from Echuca to the lakes] we saw 
signs of net fishing in every bend. ... The lakes 
covering so much low country they form the nat¬ 
ural habitat of the fish, and when the water re¬ 
cedes from the land they naturally fall with it 
into the natural running channels, which is the 
Murray River. The lakes have about a hundred 
exits into that river past mud islands, bulrush 
swamps, gum-tree islands, sandbanks and water 
races, the very ponds for fish of six varieties. 
The lakes arc the spawning grounds, and the 
young fish follow the old fish in shoals, through 
the said outlets. We patrolled these outlets ... 
and came across bag and gill nets across every 
outlet visited by us, and in the center of the lakes 
where the rushes and flotsam were thickest were 
more nets and fish boxes, securely and skillfully 
fixed. ... If such destruction is permitted to go 
on like that upon Lake Moira - and it is only one 
place on the Murray - the fish supply of the peo¬ 
ple will be ruined. Let it be protected at once.” 
(Echuca and Moama Border Post, 4 January 
1893, in Report of the Commissioners of Fish¬ 
eries for NSW for 1892, cited in Leslie 1995). 
Rowland (1989) suggested that overfishing by both 
commercial and recreational fishing caused the de¬ 
cline in the Murray River cod fishery until at least 
the 1930s. By the 1930s large-scale commercial 
harvesting operations were becoming uneconomical 
and people living along the inland rivers suggested 
that fish were much more difficult to catch (Dakin 
and Kesteven 1938). Further sharp declines in total 
catches of most native fish then occurred to today’s 


current levels (Rowland 1989; Reid et al. 1997). As 
early as 1938, declining fish stocks and river regula¬ 
tion were being linked, especially in rivers such as 
the Murray and Murrunibidgce (Dakin and 
Kesteven 1938). This more recent decline is likely to 
be principally due to the effects of river regulation 
by decreasing spawning and recruitment success, re¬ 
ducing the availability of habitat both instream and 
floodplain and restricting movements (sec Cadwal- 
lader 1978; Rowland 1989; Koeltn 2002), rather 
than overfishing. 

J.O. Langtry conducted ecological surveys along 
the Murray River in 1949 and 1950, and interviewed 
local game inspectors of the Barmah district. Before 
the completion of the Hume dam in 1936, the game 
inspector suggested that “fish were relatively plenti¬ 
ful, cod being very common ... Fishing was very in¬ 
tensive and often illegal, the lakes being fished with 
mesh nets and seine nets. ... Fish of all species were 
taken in abundance." However, after the construc¬ 
tion of the dam “fishing declined noticeably”, and 
“no Murray cod weighing less than about 2 lb (0.9 
kg) have been taken ... by any method during the 
last 5-6 years”, while tench, carp [most likely gold¬ 
fish] and redfin, “after completely disappearing be¬ 
tween 1943 and 1948, arc now returning” 
(Cadwalladcr 1977). The inspectors also suggested 
that since construction of the dam, sedimentation 
has increased, aided by desnagging activities in the 
channels, resulting in reduced water depth and the 
transparency of the water, potentially smothering 
fish eggs and reducing their survival (Cadwalladcr 
1977). Langtry also conducted surveys during this 
time in the Barmah lakes and recorded a number of 


Name as recorded by Langtry 

Current common name 

Murray cod 

Murray cod 

trout cod 

trout cod 

Macquarie perch 

Macquarie perch 

callop 

golden perch 

silver perch 

silver perch 

pigmy perch (Nannoperca) 

southern pygmy perch 

sunfish (Melanotaenia nigrans) 

crimson-spotted rainbowfish 

northern blackfish (Gadopsis marmoratus ) 

river blackfish 

smelt (Retmpinna semoni ) 

Australian smelt 

catfish (Tandanus tandanus) 

freshwater catfish 

Gidaxias spp. 

Murray jollytail 

redfin 

Redfin 

carp 

Goldfish 

tench 

Tench 

brown trout 

brown trout 


Table 1. Fish species recorded by J.O. Langtry in 1949/50 surveys conducted in Barmah Lakes (Cadwalladcr 1977). 
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Common name 

Scientific name 

Last 

Record 

Relative 

Abundance 

Conservation status 

NSW Vic National 

Native species 







Murray cod 

Maccullochella peelii peelii 

Recent 

Common 


E 

V 

trout cod 

Macculiochella macquariensis 

Recent 

Present 

E 

CE 

E 

golden perch 

Macquaria ambigua 

Recent 

Common 




silver perch 

Bidyanus bidyanus 

Recent 

Common 

V 

CE 


freshwater catfish 

Tandanus tandanus 

Recent 

Rare 


E 


bony herring 

Nemataiosa erebi 

Recent 

Present 




river blackfish 

Gadopsis marmoratus 

Recent 

Rare 




short-headed lamprey 

Mordacia mordax 

Recent 

Rare 




Macquarie perch 

Macquaria australasica 

1940s 

Probably 

V 

E 

E 




locally 







extinct 




crimson-spotted rainbowfish 

Melanotaenia Jluviatilis 

Recent 

Rare 


DD 


Murray hardyhead 

Craterocephalus Jluviatilis 

Recent 

Rare 

E 

CE 

V 

unspeckcd hardyhead 

Craterocephaius 

Recent 

Common 


DD 



stercusmuscarum fill vus 






Australian smelt 

Retropinna semoni 

Recent 

Common 




carp gudgeons 

Hypseieotris sp. 

Recent 

Common 




flathead gudgeon 

Philypnodon grandiceps 

Recent 

Common 




southern pygmy perch 

Nannoperca australis 

Recent 

Rare 

V 



southern purple-spotted 

Mogurnda adspersa 

No record, 

Probably 

EP 

RE 


gudgeon 


likely to 

locally 






occur 

extinct 




Murray jollytail 

Galaxias rostratus 

No record. 

Rare 






likely to 







occur 





climbing galaxias # 

Galaxias brevipinnis 

Recent 

Rare 




Introduced species 







common carp 

Cyprinus carpio 

Recent 

Abundant 




goldfish 

Carasius auratus 

Recent 

Common 




oriental weatherioach 

Misgurnus cmguillicaudatus 

Recent 

Common 




redfin perch 

Perea Jluviatilis 

Recent 

Common 




gambusia 

Gambusia holbrooki 

Recent 

Abundant 




brown trout 

Salnio tnttta 

Recent 

Rare 




rainbow trout 

Oncorhynehus mykiss 

Recent 

Rare 




tench 

Tinea tinea 

Recent 

Rare 





# Climbing galaxias were recorded in Barmali Forest in 1991 by McKinnon (1997), and is thought to be a translocated 
native species from coastal streams, having probably emigrated via water transfers from the Snowy Mountain Hydro¬ 
electric system (Waters et al. 2002). 


Table 2. Status offish of the Barmah-Millewa Forest region. Last record and relative abundance obtained from recent 
surveys, historical information in text or probable distribution. Conservation status as listed under NSW Fisheries Man¬ 
agement Act 1994, Flora and Fauna Guarantee Act and conservation status DSE (2003), and Environment Protection and 
Biodiversity Conservation Act 1999. DD = data deficient, V- vulnerable, EP = endangered population, E = endangered, 
CE = critically endangered, RE = regionally extinct. 


native species that are now cither rarely caught or 
are listed as threatened species (see Tables 1 & 2). 

Today, the Barmah-Millewa region of the Mur¬ 
ray River no longer supports a native commercial 
fishery and recreational fishing opportunities have 
also declined. Indeed, native fish populations 
throughout the Murray-Darling Basin have under¬ 


gone severe declines, with estimates suggesting that 
fish numbers in the Basin's rivers may be at 10% of 
their pre-European levels (MDBC 2003). Ten of the 
18 native species recorded (or likely) from the For¬ 
est are currently listed under either State or Com¬ 
monwealth threatened species legislation, and the 
fish of the region are also included in the listings of 
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endangered ecological communities for both Victo¬ 
ria and NSW. Although the fish fauna has undoubt¬ 
edly been significantly reduced in diversity and 
abundance since early European settlement, a large 
diversity of native species still utilise the Forest 
(McKinnon 1997; Stuart and Jones 2002; Jones and 
Stuart 2004; King unpublished data) and the region 
is still popular with recreational anglers, particularly 
those targeting Murray cod. Extensive surveys con¬ 
ducted in Barmah Forest in the early 1990s failed to 
record a number of species that were expected to be 
found, including freshwater catfish ( Tandanus tan- 
danus). crimson-spotted rainbowfish ( Melanotaenia 
fluviatilis ), flatheaded galaxias (Galaxias rostratus), 
southern pygmy perch (Nannoperca australis), 
hardyhead ( Cmtemcephulus spp.) and Macquarie 
perch ( Maciputria austmlasica) (McKinnon 1997). 
However, recent surveys have now recorded isolated 
populations of rainbowfish and pygmy perch, and 
unspeckcd hardyhead (Craterocephalus stercusmus- 
carunt fulvus), which are commonly collected from 
a number of sites within the Forest (Alison King and 
Matthew Jones, Arthur Rylah Institute unpublished 
data). Additionally trout cod ( Maccullochella mac - 
quariensis) and flathead gudgeon ( Philypnodon 
grandiceps) that were only collected in small num¬ 
bers by McKinnon (1997), are now commonly col¬ 
lected in the Forest waterways (Alison King and 
Matthew Jones, Arthur Rylah Institute unpublished 
data). Murray cod, golden perch and silver perch are 
also common throughout the region. 

CHALLENGES FOR FISH MANAGEMENT 
IN THE FOREST 

River regulation, water management and 
environmental flows 

As a result of flow regulation of the Murray River, 
the natural flooding and drying cycles of the Forest 
have been significantly altered. Today, the Forest ex¬ 
periences a reduction in the frequency and duration 
of winter and spring floods and a slight increase in 
the frequency of small summer Hood events (Bren ct 
al. 1987). In an attempt to mitigate some of the ef¬ 
fects of river regulation on the Forest, regulators 
have been installed to reduce the impact of unsea- 
sonal summer watering, and an annual environmen¬ 
tal water allocation (EWA) of 150 GL per year has 
also been implemented. Use of the EWA is not re¬ 
quired each year, and the allocation is often accu¬ 


mulated for a number of years and used in bulk vol¬ 
umes, typically to extend the duration of natural 
How events originating from the Ovens River catch¬ 
ment upstream. Barmah-Millewa Forest has been 
recognised as an icon site under the Murray-Darling 
Basin Commission’s Living Murray initiative, and 
further environmental watering opportunities and 
management initiatives in future years are planned 
(MDBMC 2004). 

Flooding is thought to provide a wide range of 
benefits to native fish including a potential cue for 
spawning and adult migration; inundated flood- 
plains are potentially important nursery areas for 
young fish, and flooding also allows older fish to 
feed, disperse to new habitats and accumulate fat re¬ 
serves (Humphries et al. 1999; Welcomme 2001; 
King et al. 2003). Whilst the existing Barmah- 
Millewa EWA has been operating for a number of 
years, little is known about how natural and man¬ 
aged flood events influence fish populations in the 
Forest. McKinnon (1997) suggested that large 
spring flood events seemed to increase catch rates 
and also the diversity of native fish in some sections 
of Barmah Forest. A current project is examining the 
role of flow regimes on native and introduced fish 
spawning and recruitment throughout the various 
Forest habitat types. Whilst the project has only 
been sampling for the past two years, with few 
floodplain inundation events occurring, a number of 
rare and recreationally important species have been 
shown to be both spawning and recruiting within the 
Forest system (King et al. 2005; King unpublished 
data). The project should aid in improving environ¬ 
mental watering strategies for native fish popula¬ 
tions in Barmah-Millewa and other floodplain 
wetlands in the Murray Valley. 

The reduction in frequency, duration and magni¬ 
tude of flooding in the Forest is likely to have also 
altered the diversity of habitats within the Forest 
available to fish. Recent surveys of small fish 
species have suggested that some species, such as 
crimson-spotted rainbowfish and southern pygmy 
perch, are highly restricted and occur in only a few 
isolated waterbodies throughout the Forest (King 
unpublished data). Flooding and subsequent flood- 
plain connectivity provides the only mechanism 
whereby individuals from these isolated populations 
can disperse into new waterbodies. Fish are likely to 
use the Forest for many functions and the mainte¬ 
nance of a diverse mosaic of habitat types and con¬ 
nectivity between them is a key issue for future 
water and native fish management of the Forest. 
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Operation of floodplain regulators 

Numerous flow regulating structures of various de¬ 
signs have been constructed across creeks and 
floodways along the Murray and Edward river chan¬ 
nels in the Forest. The regulators are used to prevent 
unseasonal flooding of the Forest during the artifi¬ 
cially high summer irrigation flows. During major 
flood events the regulators are fully open with water 
moving widely across the Forest floodplain. The reg¬ 
ulators can also be manipulated to direct lower flood 
levels to specific water management areas, inundat¬ 
ing particular wetlands or areas of forest. Whilst the 
regulators are primarily operated to improve the eco¬ 
logical health and access into the Forest, they can act 
as major obstructions for fish movement between 
the River and its floodplain, and the rapid closing of 
regulator gates can isolate large numbers of native 
and introduced fish. Langtry first recorded the ef¬ 
fects of the regulators on fish movements: 

“now, in the summer, when the flow from the 
Murray falls below the level of this dam [the Gulf 
regulator], fish cannot move upstream into the 
Murray and hundreds of fish from 3 to 5 inches 
(76 - 127 mm) long are trapped below the dam. 
Inspector Arantz has taken approximately 3000 
catfish and Macquarie perch from below "Gulf” 
anabranch dam.” (Cadwallader 1977). 

Jones and Stuart (2004) pumped water out of the 
pools downstream of the Gulf regulators in May 
2003, and found 196 native and 4599 introduced 
fish trapped. Many of these fish displayed signs of 
stress including large numbers of ulcers, lesions and 
lernaea. and therefore it was likely that many of the 
fish trapped behind the regulators would have died 
(Jones and Stuart 2004). This, together with other 
recent research, clearly demonstrates that the cur¬ 
rent operation of regulators is having detrimental 
impacts on native fish movements in the region 
(Matthew Jones, pers. comm.). Further research is 
focused on determining the environmental cues that 
trigger fish to move laterally between the River and 
floodplain creeks, and investigating the effects of al¬ 
tering gate operations on fish movement and entrap¬ 
ment (Matthew Jones, pers. comm.). Future 
management strategies to mitigate the negative im¬ 
pacts of regulators on fish could include slowing the 
rate of dewatering and closure of regulator gates to 
increase the chance of fish moving into refuge areas, 
installing fishways on regulators on major creek 
lines, or the removal of some structures. 


Management of introduced species, particularly 
carp 

Eight introduced fish species are found in the For¬ 
est, with five; common carp, goldfish, redfin (Perea 
fluviatilis), weatherloach (Misgurnus anguillicauda- 
tus) and gambusia ( Gainbusia holbrooki) recorded 
in large numbers in recent surveys (McKinnon 
1997; Stuart and Jones 2002; Jones and Stuart 2004; 
King unpublished data). Oriental weatherloach have 
rapidly increased in number and spread throughout 
the Forest since the early 1990s, when McKinnon 
(1997) recorded only 2 individuals, to the present 
day where they are very common in a range of habi¬ 
tat types (Stuart and Jones 2002; Jones and Stuart 
2004; King unpublished data). 

Whilst the other introduced species are also 
likely to have impacts on native fish of the region, 
most attention is focused on the ecological effects of 
carp. Electrofishing surveys conducted between 
1999 and 2001 found carp to be the most abundant 
large species collected in the River and floodplain 
habitats, comprising 86% of the biomass (Stuart and 
Jones 2002). Whilst carp spawning and recruitment 
is still successful even during low water years in 
Barmah-Millewa Forest (King unpublished data), 
inundated floodplain habitats of the Forest are major 
sources of young-of-year carp for the mid-Murray 
region (Stuart and Jones 2002; Crook 2004). Stuart 
and Jones (2002) suggested that the mouths of both 
Moira and Barmah lakes appear to be critical flood¬ 
plain entry and exit points for carp in the Murray 
River, and any management actions employed (eg. 
harvesting) should target these key sites. Indeed, in 
recent years commercial harvesting of adult carp has 
occurred in Moira Lake, with catches varying from 
a peak of 76 tonnes (average weight 3kg) in 2001, to 
less than 20 tonnes in more recent years (Keith Bell, 
K & C Fisheries, pers. comm.). Management of in¬ 
troduced fish species, particularly carp, is a difficult 
and multi-jurisdictional issue that should be under¬ 
taken using pest management principles using a 
combination of control options such as commercial 
harvesting at key sites, trapping within fishways, 
and if possible, water level manipulations and trap¬ 
ping to reduce recruitment and opportunities for dis¬ 
persal between wetlands (Koehn et al. 2000). 
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Minimising the risks of blackwater events that may 
lead to fish kills 

Blackwater events during Hooding are a natural 
process resulting from increased concentrations of 
dissolved organic matter which turn the water a yel¬ 
low-brown, tannin colour. Blackwater is typically 
oxygen deficient from an increase in the biological 
oxygen demand by microbial organisms processing 
the organic matter. The combination of hypoxia (low 
dissolved oxygen levels) and elevated concentra¬ 
tions of polyphenolic compounds in the water can 
have detrimental effects on fish, including avoid¬ 
ance behaviour and even fish kills (Gehrke et al. 
1993; McKinnon 1995; McKinnon and Shephcard 
1995). Due to river regulation, the Barmah-Millewa 
Forest now experiences fewer large Hoods, resulting 
in a greater accumulation of leaf litter on the Hood- 
plain, and also an increase in low level Hoods during 
the warmer summer months. There are several re¬ 
ports of blackwater events associated with summer 
Hooding in the Forest (McKinnon and Shephcard 
1995; McKinnon 1997; Stuart and Jones 2002). 

During a major spring-summer flood in 2000, 
dissolved oxygen levels were reported to be as low 
as 0.5 mg L' 1 on the Barmah floodplain (Ivor Stuart. 
Arthur Rylah Institute, pers. comm.). This event 
triggered a mass emergence of Murray crayfish (Eit- 
astacus annatus) from the river and floodplain, 
where hundreds of crayfish were seen climbing onto 
the river bank and up snags to escape the dc-oxy- 
genated water. McKinnon (1995) reported a similar 
mass emergence of crayfish in the Murray River 
downstream of the Barmah-Millewa Forest during 
the recession of the December 1992 - January 1993 
Hoods. In October 1993, a large flood that inundated 
cropping land for a long period contributed to ex¬ 
tremely low oxygen levels in Broken Creek, down¬ 
stream of Nathalia, resulting in a fish kill involving 
mainly Murray cod, redfin and shrimp (McKinnon 
and Shephcard 1995). Unfortunately, Broken Creek 
suffered a much more severe fish kill in November 
2002, when 179+ large adult Murray cod were found 
dead (King pers. obs.; Koehn in press). Whilst the 
exact cause of these deaths is still uncertain, low 
dissolved oxygen levels were involved, but were not 
caused by a blackwater event. The loss of such a 
large number of fish in the region is of major con¬ 
cern for conservation efforts for the species, espe¬ 
cially considering that subsequent surveys of the 
reach have found that only a few individuals have re¬ 
turned (Steve Saddlier, unpublished data). 


Whilst blackwater events are a natural occur¬ 
rence, the impacts on aquatic fauna can be signifi¬ 
cant, and are certainly exacerbated by increased 
organic matter, reduced flushing rates and high tem¬ 
peratures, particularly if fish are restricted in their 
movements (by for example weirs, levees and regu¬ 
lators) and arc unable to escape to alternative, more 
favourable habitats. The recent blackwater events 
within the forest itself have not caused any observed 
fish kills, and this is likely to be due to the ability of 
fish to escape from the Forest into the river. How¬ 
ever, this suggests that any future management plans 
to restrict w-ater movement in the Forest using addi¬ 
tional levees or other barriers to fish movement 
should be viewed with caution. Future research on 
the effects of forest blackwater events on fish, par¬ 
ticularly their behavioural responses and lethal lev¬ 
els is required to address this issue. 

Recent modeling scenarios of the interaction of 
flooding and blackwater events in river red gum 
forests suggests that pooled, prolonged flooding of 
lowland forests increases the risks of blackwater 
events, and that flooding in the summer months re¬ 
duces the amount of time taken for lloodwaters to 
become anoxic (Howitt ct al. 2004). This is an ex¬ 
tremely important aspect for water management in 
the Forest, and suggests that care must be taken, par¬ 
ticularly for warmer summer floods, to allow a sig¬ 
nificant amount of water exchange between the 
Forest waters and the river to minimise the risks of 
blackwater. 


CONCLUSION 

The Barmah-Millewa Forest is widely recognised as 
a site of ecological significance. Much attention is 
focussed on some of the Forest's key ecological fea¬ 
tures, such as waterbird diversity and the dominant 
vegetation communities. However, whilst native fish 
have undoubtedly undergone major declines since 
early European settlement of the region, they are 
still a highly diverse and important component of 
the Forests and River’s ecology. Future management 
of the Forest needs to be able to better balance all at¬ 
tributes of the Forest's ecology, and strive to restore 
key ecological processes such as recruitment, move¬ 
ment and food production for native fish popula¬ 
tions, while disadvantaging introduced species. 
However, the Forest is a highly complex ecosystem 
with a mosaic of different habitat types each with 
various water requirements, and balancing all of the 
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Forest’s requirements, with only the limited environ¬ 
mental water available, will not be easy. With this in 
mind, future management should consider exploring 
various water management options, and testing and 
evaluating these using an adaptive management 
framework. Whilst we are now recognising the im¬ 
portance of native fish populations in this region, we 
still have much to learn about the ecology of fish 
and their use of the Forest. 
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The Barmah-Millcwa Forest is recognised in Australia and internationally as an ecologically signif¬ 
icant site. I lowcver. river regulation has altered the frequency and pattern of forest flooding, and contin¬ 
ues to have adverse environmental effects on the Forest. Compared to natural conditions, flooding is now 
less frequent in winter and spring and more frequent, unseasonally, in summer and autumn. In particu¬ 
lar, small unseasonal floods that cover less than 10% of the forest are eight times more frequent now than 
before regulation. Unseasonal floods occur when rain leads to reductions in demand for water. Irrigators 
can cancel orders at short notice and water, which has already been released from upstream storages, 
continues downriver. Flooding occurs when these flows exceed the capacity of the reach of the river 
which flows through the forest. We explore the multiple factors that contribute to unseasonal flooding. 
These factors are related to the way the river regulation system - the infrastructure, rules and institutions 
- has been established and is operated to maintain the reliability of irrigation water supply. Options to re¬ 
duce the incidence of unseasonal floods include: changes to the operating rules at Hume Reservoir and 
increasing airspace at Lake Muhvala. 


THE BARMAH-MILLEWA FOREST is the name 
given to the Barmah Forest in Victoria and Millewa 
group of Forests in New South Wales that lie along¬ 
side the River Murray between Echuca, Dcniliquin 
and Tocumwal (Fig. 1). Together these forests cover 
an area of 700 km 2 and include red gums (Eucalyp¬ 
tus canuildulensis Dehnh.) and associated box 
forests, woodlands and grasslands, in a mosaic of 
open water, meadows and marshes that are inun¬ 
dated with varying frequency. 

The forest is also a wetland of international sig¬ 
nificance, recognised under the Ramsar convention 
(Environment Australia 2001). It has been declared 
one of the six “Significant Ecological Assets”, of the 
River Murray, by the Murray Darling Basin Minis¬ 
terial Council under the Living Murray Initiative, 
which initially aims to maximise environmental 
benefits at these sites (MDBMC 2003). The man¬ 
agement of the Barmah-Millewa Forest, along with 
other river red gum forests located along the River 
Murray and its tributaries in Victoria, is also the 
focus of a current investigation by the Victorian En¬ 
vironmental Assessment Council (VGG 2005). 

The flow and ecological characteristics of the 
Barmah-Millcwa Forest have been determined by 
the unique geomorphic features of this region. In 
particular, the Forest contains the “Barmah Choke” 
- the reach of the River Murray which has the low¬ 
est channel capacity between Lake Hume and South 
Australia (approximately 1800 km downstream of 


the forest) (Thoms et al 2000). When river flows ex¬ 
ceed the capacity of this choke, the forest floods. 

The diverse wetland ecosystems of the Barmah- 
Millcwa forest evolved under natural conditions, 
when frequent winter and spring flooding was alter¬ 
nated with dry conditions during summer and au¬ 
tumn. Flow regulation has greatly reduced winter 
and spring flooding (Bren et al. 1987; Bren 1988; 
Maheshwari et al. 1995). Furthermore, flooding is 
now much more frequent, unseasonally, in summer 
and autumn (Chong and Ladson 2003). 

Flooding of the forest in summer and autumn 
happens when local rains reduce the volume of 
water required for irrigation. If irrigators cancel 
their orders, the water that would have been diverted 
instead continues downstream and may cause a 
Hood at the constricted section of the River Murray 
through the Barmah Forest. These events are re¬ 
ferred to as “rain rejection” floods, because local 
rain leads to irrigators rejecting the water that they 
ordered. Two operational factors aggravate this 
problem. First, water to meet irrigation orders from 
Lake Muhvala, upstream of the Barmah-Millcwa 
Forest, must be released at least four days in advance 
from the Hume Dam, yet water orders can be re¬ 
jected al short notice and the unwanted water must 
be passed downstream. Second, the River Murray is 
maintained at a high level to enable flow to pass 
through the “Barmah Choke” (to meet downstream 
water requirements) so there is no capacity to handle 
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Fig. 1. Location of the Barraah-Millewa Forest (Chong & Ladson 2003). 


Barmah-Millewa 

Forest 


Mulwala Canal 

diversion 10,000 ML/d (maximum) 



Lake Mulwala 

4 days downstream of Hume Dam 


Hume Dam 


Hume dam release 
up to 25,000 ML/d 


Yarrawonga Main Channel 
diversion 3,300 ML/d (maximum) 


Barmah Choke capacity 
10,600 ML/d 


Fig. 2. If irrigators cancel orders, water that has already been released from Hume remains in the river and can flood the 
Barmah-Millewa Forest. 
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the extra flows in the river when orders are can¬ 
celled. These “rain rejection” flows are often ac¬ 
companied by increased inputs from the unregulated 
tributaries (the Ovens and Kiewa Rivers) which are 
also generated by local rainfall. 

These rain rejection floods are common. Based 
on an analysis ofTocumwal flows we found there 
was an average of 4.4 events per year, between De¬ 
cember and April, from 1983 to 2001. The median 
duration was 10 days (Chong 2003). 

There is significant evidence that riverine 
ecosystems are affected by the timing, as well as the 
quantity, of available water. The change in sum¬ 
mer/autumn flood frequency and extent of inunda¬ 
tion of the forest continues to cause changes in 
vegetation patterns, with red gum and rushes (Jun- 
cus ingens) expanding at the expense of Moira grass 
(Pseudoraphis spinescens ) plains. Tree death has oc¬ 
curred in some areas because of excess water 
(Chesterfield 1986; Bren 1992; Leslie and Harris 
1996). There are also concerns that flooding results 
in the loss of regulated flows and causes access 
problems for fire control, forestry operations, and 
tourism (RMC 1980). 

Management of unscasonal flows (rain rejection 
management) was listed as being of “very high pri¬ 
ority” by a scientific panel set up by the MDBC' 
(Thoms et al. 2000) and is a key project activity 
under the “Environmental Works Program” of the 
Living Murray Initiative (MDBMC 2004). However, 
to date, the major activities conducted to maintain 
the ecological values of the Barmah-Millewa Forest 
have focussed on determining and securing annual 
water allocations to increase winter and spring 
flooding (Stewart & Harper 2002). There has been 
limited development of measures to avoid the ad¬ 
verse ecological consequences caused by increased 
flooding during summer and autumn. At November 
2004, the rain rejection project was on hold until 
sign-off of a preliminary scoping report (MDBMC 
2004). 

This paper explores the increase in flooding that 
has taken place as a consequence of regulation. The 
changes in frequency and extent of unseasonal sum¬ 
mer and autumn flooding are summarised followed 
by discussion of the causes and possible solutions. 

A note on units. In this paper, flow rates are ex¬ 
pressed using the non-SI unit ML/d (megalitres per 
day) because this is commonly used by managers of 
the River Murray. 1 ML/d = 86.4 mVs. 


THE HISTORY OF RIVER REGULATION AND 
ITS EFFECT ON UNSEASONAL FLOODING 

Although there was occasional summer and autumn 
flooding prior to regulation, the frequency and ex¬ 
tent of unseasonal floods has been greatly influ¬ 
enced by the way the regulated River Murray has 
been operated to meet increasing demand for water. 

Flooding in the Barmah-Millewa Forest was 
first affected by flow regulation around 1930. when 
the flow of the River Murray began to be controlled 
by the operation of the Hume Dam, under construc¬ 
tion between 1919 and 1936 and first filled in 1934 
(Jacobs 1990). 

The low capacity of the reach at the Barrnah 
Choke meant that water, which was intended to sat¬ 
isfy downstream irrigation demand, was frequently 
lost from the river when it flowed into the forest 
through flood runners and effluent streams. To retain 
these flows, earthen banks were constructed to block 
streams as early as the 1930s (RMC 1980). 

The completion ofYarrawonga Weir in 1939 en¬ 
abled large volumes of water, stored in Hume Dam 
during winter, to be diverted under gravity to irrigation 
districts during summer. The ability to control flow in 
the River Murray, and the volume of water that could 
be harvested, further increased with the doubling of 
the capacity of Hume Reservoir in 1961, the diversion 
of water to the Murray above Hume Dam from 1967 
as part of the Snowy Mountains scheme, and the com¬ 
pletion of Dartmouth Dam, upstream of 1 lume Dam 
on the Mitta Mitta River, in 1979 (Jacobs 1990; Gip- 
pel & Blackham 2002). The demand for water and di¬ 
version capacity also increased during this time. In 
particular, the Mulwala Canal was constructed to 
carry up to 10,000 ML/d from Lake Mulwala to irri¬ 
gation areas in New South Wales. 

The adverse effect of unseasonal flooding on the 
red gum forest was noted as early as 1954 (Victoria, 
Parliament 1954). In response, the River Murray 
Waters agreement was changed to allow the River 
Murray Commission to undertake coordinated 
works to decrease loss of regulated flows. These in¬ 
cluded desnagging (removal of large woody debris 
from the river channel) to increase capacity and the 
construction of regulators to control the flow of 
water from the river (Johnson 1974). Several subse¬ 
quent studies have canvassed solutions to unsea¬ 
sonal flooding (RMC 1980; Johnson cl al. 1980; 
RMC 1984; DLWC 1996). Although many of the 
proposed works have been implemented, adverse 
ecological consequences arc continuing. 
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-1908-1929 1936-1960 - 1961-1980 - 1981-2001 

Fig 3. The effect of regulation on flow duration between December and April (River Murray at Tocumwal). 


Initially, concerns about unseasonal flooding fo¬ 
cussed on loss of water and forestry operations. 
Over time, there has been increasing recognition of 
the costs associated with environmental degradation 
and reduced access for recreational use. More recent 
work has also returned to the issue of water loss be¬ 
cause, for example, additional water savings are 
being sought for environmental flows (ACIL 2003). 

Unseasonal flooding can be quantified by 
analysing historical flows in the River Murray. The 
flow record at Tocumwal. near the upstream extent 
of the Barmah-Millewa Forest, is available from 
1908 to the present and can be divided into four 
periods to illustrate the impact of major changes in 
flow regulation: pre-regulation 1908 to 1929; post 
Hume 1936 to 1960; post Hume enlargement 1961 
to 1980; and current (post Dartmouth) 1980 to 2001. 
The effect of regulation on December to April flows 


Period 

Proportion of time forest Hooded 

1908-1929 

15.5% 

1936-1960 

20.3% 

1961-1980 

28.5% 

1981-2001 

38.5% 


Table I. The effect of flow regulation on frequency of 
flooding of the Barmah-Millewa Forest between Decem¬ 
ber and April (regulation commenced in 1929; current 
conditions can be approximated by the post 1980 flow 
record). 


at Tocumwal is shown in Fig. 3. The period of De¬ 
cember to April was adopted for analysis because it 
is in these months that flow regulation increases 
flooding frequency, with adverse ecological conse¬ 
quences (Chong 2003). Fig. 3 shows that regulation 
has meant summer flows usually show little varia¬ 
tion. For example in the period 1980 to 2001 flow is 
between 9,000 and 12,000 ML/d for 63% of the 
time. These flows arc near to, or just exceeding, the 
capacity of this reach of the river. Smaller flows 
<5,000 ML/d and larger flows >15,000 ML/d 
arc now less frequent than under pre-regulation 
conditions. 

Regulation has changed the river’s flow regime 
and this can be related to forest flooding. Overbank 
flooding into the Barmah-Millewa forest begins to 
occur at 10,600 ML/d at Tocumwal (downstream of 
Yarrawonga) (Thoms et al. 2000). This threshold, 
combined with the Tocumwal flow record, allows 
historical analysis of flooding occurrence between 
December and April for each year when Tocumwal 
flows are available (Table I). Results show the for¬ 
est floods more often now than in the past. 

It is also possible to calculate the impact of reg¬ 
ulation on the areal extent of forest flooding. Bren ct 
al. (1987) established a relationship between the 
flow at Tocumwal and the fraction of the forest that 
was inundated. Combining this relationship with the 
Tocumwal flow record shows that, in summer and 
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Amount of forest Hooding; (Dec-April) 

■ liefore 1929 □ After 1980 

Fig 4. The effect oi How regulation on the extent of flooding of the Barmah-Millcwa Forest between December and 
April (regulation commenced in 1929; current conditions can be approximated by the post 1980 flow record). 


autumn, certain areas of the forest are flooded more 
frequently and are thus subject to ecological damage 
(Fig. 4). For example; 

• The proportion of days during which the en¬ 
tire forest is dry has decreased from 80.9% in 1908- 
1929 to 31.8% in 1981-2001; 

• The proportion of days during which 0-30% 
of the forest is flooded has increased from 10.7% to 
65.9% of the time; in particular, floods which cover 
less than 10% of the Forest have increased in fre¬ 
quency by 8 times, from 6.5% to 52.3% of days; 

• The proportion of days during which over 
30% of the forest is flooded has decreased from 
8.4% of the time to 2.3% of the time. 

The Murray-Darling Basin Commission has es¬ 
tablished operating guidelines which aim to reduce 
forest flooding by limiting (lows at the Barmah 
Choke. However, analysis of flow levels reveals that 
this approach has not been effective. Compliance is 
based on the water level at Picnic Point (Gauge 
409006) at the junction of the Murray and Edward 
Rivers. From 1996 to 2002 the maximum operating 
water level was set to 2.53 m and after February 
2002 this was revised to 2.60 nt. The recorded sum¬ 


mer water levels at Picnic Point show these operat¬ 
ing targets are often exceeded (Fig. 5), which sug¬ 
gests unseasonal flooding is an on-going problem. 

OPTIONS TO DECREASE UNSEASONAL 
FLOODING 

There are many elements of the river system which 
contribute to increased frequency of unseasonal 
flooding, including: the operation of Hume dam and 
Yarrawonga weir, management of the irrigation 
areas supplied from Lake MuKvala in Victoria and 
New South Wales, the Barmah Choke, and the de¬ 
mand for water downstream. Each of these is con¬ 
sidered below to identify possible solutions to the 
unseasonal flooding problem. 

Hume dam 

Water must be released from Hume in advance to 
meet irrigation orders supplied from Lake Mulwala. 
If there is widespread summer rain and many orders 
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are cancelled, release from Hume is cut back to min¬ 
imise the excess flow that contributes to forest 
flooding. However, there are two operational charac¬ 
teristics which limit the extent to which unseasonal 
flooding of the Barmah-Millewa Forest can be 
prevented. 

First, there is an operating rule (the “six inch 
rule”) that specifies how quickly flow can be re¬ 
duced. This limit, set in the 1950s and purportedly 
related to the risk of bank slumping, is that the water 
level can only be reduced by 150 mm (6 inches) per 
day downstream of Hume Dam (Arnott 1994; Clip- 
pel & Blackham 2002). This corresponds to a max¬ 
imum flow reduction of about 1,500 ML/d per day. 
A severe rain rejection event could result in the 
requirement to reduce flows by up to 13,000 ML/d 
which means it could take a week or more to cut 
back the flow. 

Second the discharge from Hume is often held 
at high levels for much of the irrigation season. The 
river capacity downstream of Hume is about 25,000 
ML/d and releases are frequently at this level or 
higher. Releases have also increased substantially 
over time which makes control of excess flows more 
difficult and exacerbates the problems caused by the 
“six inch rule” (Fig. 6). 

When the “six inch rule” was established in the 
1950s, the way in which the Hume was operated did 
not have such a large influence on the extent and fre¬ 
quency of forest flooding, as under current condi¬ 
tions, because the excess flows associated with rain 
rejections were much smaller. The adoption of the 
“six inch rule” based on a conservative attitude to 
bank slumping, probably did little harm. Today, this 
rule adds to the lack of operational flexibility and 
contributes to environmental damage caused by un¬ 
seasonal flooding. There is also no evidence of the 
need for such a strict constraint on draw down rates 
(Green 1999; Gippel & Blackham 2002). 

The idea of changing operating procedures at 
Hume Dam to reduce unseasonal flooding of the 
Barmah-Millewa Forest is not new. It was first sug¬ 
gested by the River Murray Commission (now the 
Murray-Darling Basin Commission) in 1980 (RMC 
1980), but, as yet, has not been implemented. Wc 
suggest that operating procedures for the Hume 
Dam should be developed which take account of 
their impact on the Barmah-Millewa Forest, as well 
as local concerns such as bank stability. 


Yarrawonga Weir/Lake Mulwala 

Yarrawonga Weir raises water levels to allow gravity 
diversion from Lake Mulwala into irrigation areas in 
Victoria and New South Wales. The frequency of 
forest flooding could be reduced if the weir was op¬ 
erated to capture some of the rain rejection flows. 

To achieve a reduction in flooding, airspace (ca¬ 
pacity to store water) must be available at the start of 
a rain rejection event. The lake would fill as excess 
flows from l lumc were captured and then could be 
lowered again once irrigation demand increased. In 
practice however, water levels are held in a narrow 
range. 

Although straightforward in principle, there are 
operational constraints that limit the flexibility to 
change the operation of Yarrawonga weir. First, the 
operating range of Lake Mulwala must enable suffi¬ 
cient water to meet irrigators’ demands to be deliv¬ 
ered by gravity through diversion channels. Minimum 
water surface elevations of about 124.8 in AI ID are 
required to deliver the nominal capacity of the Yarra¬ 
wonga Main Channel, which diverts water into Victo¬ 
ria, and the Mulwala Canal which takes water into 
New South Wales (Chong and Ladson 2003). 

Second, there appears to be an expectation of 
recreational users of Lake Mulwala that it will be 
held nearly full for the summer. The development of 
a Lake Mulwala management plan, which men¬ 
tioned the possibility of changes to the operating 
level of the Lake caused community concern 
(GMWater 2003). Goulburn-Murray Wafer and the 
Murray-Darling Basin Commission (the lake man¬ 
agers) both produced press releases to assure the 
public that normal lake operations would continue 
within the historical operating range (MDBC 2004). 
In March 2004, the Boating Industry Association 
claimed, on its website, to have secured Goulburn- 
Murray Water’s assurance that the lake would be 
kept full to maintain its suitability for boating. 

We analysed the effect of maintaining a lower 
lake level on flooding frequency, and found that a 
small changes in lake level would lead to a signifi¬ 
cant reduction in unseasonal floods in the Barmah- 
Millewa Forest without threatening diversion rates 
(Chong and Ladson 2003). For example, providing 5 
Mm 3 additional airspace (equivalent to a change in 
lake level of 100 mm) reduced the average number of 
unseasonal flood events from 4.1 to 2.4 per season. 
Further gains could be achieved with straightforward 
engineering works to allow diversions to be main¬ 
tained at lower lake levels (McLeod pers. com.). 
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|• Stage observations_Target levels 

Fig. 5. Water levels of the River Murray at Picnic Point. River operators aim to reduce unseasonal flooding by not ex¬ 
ceeding a target water level which was set at 2.53 m between 1996 and Feb 2002 and 2.60 m after Feb 2002. Only water 
levels Jan to Apr (inclusive) arc plotted. 
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Fig. 6. Releases from Hume Dam during the irrigation season (December to April). Capacity of the River Murray 
downstream of Hume Dam is approximately 25,000 ML/d. 
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Irrigation areas 

Rules and procedures that govern the operation of 
the irrigation areas in Victoria and New South Wales 
also influence forest flooding. Irrigators can reduce 
water orders at short notice without decreasing their 
water entitlement or being charged for the water 
they ordered but did not use. As we have seen, can¬ 
celled orders mean that water already released from 
Hume is not diverted but passes down the river to 
flood the forest. It is reasonable that water should 
not be used for irrigation if it is not needed; the chal¬ 
lenge is to implement procedures that can cope with 
rain rejections without causing environmental dam¬ 
age. 

One approach would be to use forecasts of sum¬ 
mer rain and cut Hume releases early in anticipation 
of reduced water use. This idea has been around 
since at least 1974 when Holmes (1974) observed: 
“reliable forecasting at least four days ahead, may be 
possible within the next few years, [and] should sub¬ 
stantially reduce the frequency of such losses [of 
water into the forest]". The reliability of forecasting 
has since improved, but, nevertheless, it is not nec¬ 
essary to use 4-day forecasts to decrease flooding 
frequency. If either the I lumc Dam operators or irri¬ 
gators considered the next day's rainfall forecasts in 
their decisions, rain rejection flows might be antici¬ 
pated and releases from the Hume Dam could be re¬ 
duced in advance. 

The problem is not so much the reliability of 
forecasts but that neither dam operators nor irriga¬ 
tors bear the risk of ecological damage caused by 
unseasonal flows, and do not have an incentive to 
use the information provided in weather forecasts. 
From an irrigator's perspective, responding to a fore¬ 
cast of rain by cancelling a water order early would 
leave them exposed to the risk of the forecast being 
incorrect, and having insufficient irrigation water. 
The present system, which allows orders to be can¬ 
celled at anytime, results in individual irrigators 
bearing zero risk associated with unexpected rain¬ 
fall, but maximises the risk of forest flooding. 

One approach that may allow improved use of 
forecasts of summer rain would be for irrigation au¬ 
thorities to calculate expected overall demand based 
on weather predictions. It should be easier to fore¬ 
cast that it will rain somewhere in an irrigation dis¬ 
trict than to predict the occurrence of rain on an 
individual farm. Therefore aggregate water demand 
could be forecast and the flow from Hume changed 
accordingly. 


There may also be market approaches that could, 
for example, involve financial rewards to farmers 
for cancelling their water orders early. An irrigator 
could then weigh up the risks and benefits of pro¬ 
ceeding with, or cancelling, an order based on their 
expectation of rain and the consequences of missing 
out on a watering. 

Other approaches that have been suggested to 
decrease rain rejection flows include on-farm stor¬ 
ages and on-route storages. On-farm storages could 
retain water until it was needed which also has the 
advantage of increasing the flexibility of timing of 
watering by irrigators. The operation of on-route 
storages in channels or adjacent to the irrigation sys¬ 
tems would allow water from rejected orders to be 
captured for later use. On-route storages would in¬ 
crease the flexibility of the operation of the water 
delivery system, save water and allow the capture of 
rain rejection flows. I lowever, there arc also possible 
disadvantages to these approaches that need to be 
considered, including loss of arable land to provide 
storage space, and increased risk of groundwater ac¬ 
cessions (DLWC 1996: ACIL 2003). 

Barmalt Choke 

As we have discussed, the physical constraint of the 
Barmah Choke, combined with a modified flow 
regime in the River Murray, is the primary cause of 
unseasonal forest flooding. The lack of capacity of 
the Barmah Choke has also long been of concern to 
river operators and irrigators because it constrains 
water delivery. 

The Victorian government’s White Paper on 
water policy states that “Perhaps the most signifi¬ 
cant congestion point for Victoria is the Barmah 
Choke” (State of Victoria 2004, p.77). This com¬ 
ment echoes concerns from over 20 years previ¬ 
ously, when the River Murray Commission noted 
that the Barmah Choke was “one of the more im¬ 
portant constraints on river regulation of the Mur¬ 
ray" (RMC 1984). Irrigators, particularly in 
horticultural areas where crops are intolerant of 
water shortages, are concerned that supplies may 
have to be restricted if insufficient water is passed 
through the choke. For example, "ensuring security 
of supply” is listed as the number one goal of Sun- 
raysia Rural Water Authority in its most recent cor¬ 
porate plan (SRWA 2004). There have also been 
renewed calls for desnagging and channel clearing 
to increase the delivery of water downstream of the 
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choke (Hunt 2002; Sunraysia Daily 16 Sep. 2002, p. 
2; Victoria, Parliament 2003). 

Water trading, through changing the location 
and timing of water demand, could also exacerbate 
the pressure to run the Barmah Choke at full capac¬ 
ity during the irrigation season. There are restric¬ 
tions that prevent trade from above to below the 
choke, and there is also a cap on diversions from the 
River Murray, but trade is having an influence by al¬ 
tering the pattern and magnitude of demand (State 
of Victoria 2004). Water is trading from thcTorrum- 
barry and Pyramid Hill areas, to horticulture enter¬ 
prises in the Sunraysia (State of Victoria 2004). This 
produces more concentrated, peak demands in the 
summer that must be supplied with water that passes 
through the choke. As water trading continues, calls 
to ease the restriction caused by the Barmah Choke 
are likely to intensify, especially in hot dry 
summers. 

Concerns about restrictions to irrigation have 
prompted the Victorian State Government, and oth¬ 
ers, to consider constructing a by-pass channel 
around the Barmah Choke (State of Victoria 2004; 
Davis 2003). Although it has been claimed that this 
will reduce unscasonal flooding by allowing the pas¬ 
sage of rain rejection flows around, rather than 
through, the Barntah-Millewa Forest, it will be im¬ 
portant to compare the benefits and costs of a by¬ 
pass channel, taking into account the way in which 
it will be operated, against other options to manage 
unseasonal floods. For example, if the bypass chan¬ 
nel was justified as a way to ease water restrictions 
downstream, it would be operated at full capacity 
during summer — which means, it would fail to in¬ 
crease the flexibility of the system to deal with rain 
rejection flows. 

In earlier work (Chong and Ladson 2003) we 
looked at the option for decreasing unseasonal 
flooding by limiting flows through the Barmah 
Choke so that there was capacity available to carry 
rain rejection events. This would, however, decrease 
the total quantity of water that could be delivered 
downstream so would increase current concerns 
about restrictions. 

There is perhaps a market solution to these prob¬ 
lems. The State Government (State of Victoria 2004) 
has proposed to define and allow trading in a market 
instrument related to shares in the capacity of water 
delivery conduits. To reduce unseasonal flooding, 
the licensed capacity though the choke would need 
to be set low enough to provide flexibility to carry 
rain rejection flows. 


CONCLUSION 

Summer flooding of the Barntah-Millewa Forest oc¬ 
curs when the flow in the River Murray exceeds the 
capacity of the reach known as the Barmah Choke 
and water is spilled into the forest. To address this 
issue, we need to understand why these excess flows 
occur. Part of the answer lies with summer rain and 
cancelled orders for water, but many elements of the 
river regulation system - the dams, diversion weirs, 
institutions and rules - contribute to the problem. 

In its natural form the River Murray is a com¬ 
plex natural system that technological humans have 
changed to achieve a relatively simple goal; the pro¬ 
vision of water for irrigation. The ecological conse¬ 
quences of this change are great at the Barmah 
Forest because river capacity here is such a severe 
operational constraint. We suggest that the underly¬ 
ing cause of unseasonal flooding can be described as 
the lack of flexibility in the way the River Murray is 
operated; releases from Hume are commonly near 
channel capacity; Lake Mulwala is kept near its stor¬ 
age capacity to enable large diversions; the Barmah 
Choke flows full for much of the year; and water 
trading, which is shifting supply to the most prof¬ 
itable crops, is intensifying demand (Tisdell 2001). 
Optimising the river regulation system for water 
harvesting means there is limited capacity to deal 
with rain rejection flows. When these flows occur, 
control is lost and water spills into the forest with 
adverse environmental consequences. 

To reduce unscasonal flooding there needs to be 
an increase in operational flexibility. We have ex¬ 
plored some of the ways this can be achieved in¬ 
cluding: changes to operating rules at Hume Dam, 
increasing airspace at Lake Mulwala, water ordering 
procedures that provide incentive to use weather 
forecasts, and trading in the share of capacity at the 
Barmah Choke. 

Other system-wide actions that increase flexibil¬ 
ity have the potential to decrease unseasonal flood¬ 
ing. For example, the cap on diversions and water 
recovery projects being undertaken as part of the 
Living Murray initiative could decrease aggregate 
irrigation demand and so make management of rain 
rejection flows easier (Close & McLeod 2000). 

Proposed solutions that do not increase flexibil¬ 
ity, such as a bypass channel that flows full all sum¬ 
mer, should be treated with caution. 
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The depiction and reservation levels of wetlands varied significantly both across the Murray Fans 
and Victorian Riverina bioregions and in the study area of the Victorian Environmental Assessments 
Council's River Red Gum Forests Investigation. The proportion of Freshwater Meadows in protected 
areas was substantially lower than for other wetland types. Furthermore, of the wetlands that are re¬ 
served, many were only partially within a protected area. A variety of reserve categories are used to pro¬ 
tect wetlands across the three regions, ranging from reserves with high legal protection and a strong 
focus on biodiversity conservation to reserves with a lower level of protection and emphasis on biodi¬ 
versity conservation. The findings highlight that many wetlands arc incompletely reserved in Victoria's 
northern plains and riverine forests. The current review of public land use in the River Red Gum Forests, 
which includes Barmah Forest, should recognise these issues to ensure the effective reservation of wet¬ 
land ecosystems. 
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THE WETLANDS of northern Victoria are a dis¬ 
tinctive part of the landscape and include a variety 
of freshwater and naturally saline ecosystems. These 
include wetlands that are temporarily inundated dur¬ 
ing flood events and periods of high rainfall and 
wetlands with semi-permanent to permanent water 
regimes (LCC 1983; Margulcs and Partners Pty Ltd 
et al. 1990; Butcher & Reid 2002). 

The geological and geomorphological charac¬ 
teristics of different biogeographic regions (biore¬ 
gions) across northern Victoria influence the type, 
function and ecohydrology of wetlands across the 
landscape. The Murray Fans bioregion, located 
along the Murray River between the Ovens River in 
the east and Narrung in the west (Fig. 1), includes 
mainly floodplain wetlands, many of which are 
dominated by River Red Gum Eucalyptus camaldu- 
lensis anti Black Box E. largijlorens and were his¬ 
torically inundated during river Hood events (Young 
2001). Two of the largest wetland areas in the Mur¬ 
ray Fans are within the Barmah Forest and Gun- 
bower Forest, both of which are wetlands of 
international significance under the Ramsar conven¬ 
tion. In contrast, the wetlands of the Victorian Rive¬ 
rina bioregion, which covers alluvial plains to the 
south of the Murray Fans (Fig. 1), supports a differ¬ 


ent range of wetland types including terminal wet¬ 
lands, saline lakes and freshwater meadows (LCC 
1983; State of Victoria 1997). 

The classification and mapping of wetlands in 
Victoria is well developed, but currently without data 
on ecosystem condition (Spiers & Finlayson 1999, al¬ 
though note recent work by Holmes & Papas 2004). A 
classification system which delineated wetlands in 
Victoria based on water regimes and salinity was de¬ 
veloped in the early 1980s (Corrick & Norman 1980). 
This system has been used to classify existing (1994) 
and pre-European (prc-1788) wetlands within the Vic¬ 
torian Wetland Database (NRE 1996a; DPI & DSE 
2004). The wetlands mapping was based on aerial 
photograph interpretation with different wetland types 
designed to classify habitat types for waterbirds. Cor¬ 
rick & Norman (1980) acknowledged the pre-1788 
mapping was subject to some error, given many 
drained wetlands may have been difficult to locate. 
Nonetheless, the Victorian Wetlands Database is 
widely used in conservation planning in Victoria (c.g. 
State of Victoria 1997). While Ecological Vegetation 
Class (EVC) mapping has more recently been carried 
out across much of the State, the mapping of wetlands 
has been highly variable in its resolution and is not 
currently suitable for collating inventories of wetlands 
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(Robertson & Fitzsimons 2004). EVC mapping of 
wetlands has improved in recent mapping exercises in 
northwest Victoria (White et al. 2003) and the Gun- 
bower and Barmah forests (Doug Frood personal 
communication). 

The establishment of a comprehensive, adequate 
and representative (CAR) reserve system for the con¬ 
servation of terrestrial and aquatic ecosystems is a 
key goal for Commonwealth, State and Territory 
Governments in Australia. Recent reviews suggest 
that Australia is currently lacking an adequate fresh¬ 
water reserve system (e.g. Georges & Cottingham 
2001; Nevill & Phillips 2002, 2004). We have previ¬ 
ously identified three important indices in the assess¬ 
ment of wetland reservation. These are 1) reservation 
status (area of different wetland types in reserves, rel¬ 
ative to pre-European and current extent); 2) reserve 
design (percentage of wetland area included in a re¬ 
serve); and 3) reservation categories (type of reserves 
which protect wetlands). When assessed at a biore- 
gional level, these indices can potentially make a sig¬ 
nificant contribution to wetland conservation 
planning. A study using these measures has previ¬ 
ously been undertaken in the Wimmera bioregion in 
western Victoria (Fitzsimons & Robertson 2003). 

The reservation of wetlands in northern Victoria 
has been established mainly through the recommen¬ 


dations of the Land Conservation Council (LCC) for 
public land use in the Murray Valley (LCC 1985), 
Malice (LCC 1977; LCC 1989) and North East 
(LCC 1986), and the Environment Conservation 
Council (ECC) in the Box-lronbark Forests and 
Woodlands Investigation (ECC 2001). More re¬ 
cently, a strategic conservation land acquisition pro¬ 
gram has added a number of important wetlands to 
the reserve system (Fitzsimons & Ashe 2003; Fitzsi- 
mons et al. 2004). Special Protection Zones in State 
Forest (where timber extraction is not permitted) 
have also served to increase the area of wetlands 
managed for conservation (NRE 2002; DSE 2004). 

The study area for the recently commenced inves¬ 
tigation of public land use in the River Red Gum 
Forests by the Victorian Environmental Assessment 
Council (VEAC) encompasses much of the Murray 
Fans and Victorian Riverina bioregions, with the re¬ 
mainder having recently been studied in the ECC Box- 
lronbark Forests and Woodlands Investigation (Fig. I). 
The VEAC River Red Gum Forests (RRGF) study 
area also includes the Robinvale Plains and Murray 
Scroll Bell bioregions. This paper examines the reser¬ 
vation status, reserve design, and types of reserves 
protecting wetlands in the Murray Fans and Victorian 
Riverina bioregions, and within the greater VEAC 
RRGF Investigation study area. Examining the rcser- 
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vation of wetlands at a bioregional scale and at a re¬ 
gional land use planning scale allows for the identifi¬ 
cation of biases in the existing reserve system and for 
prioritisation for increased or improved reservation. 

METHODS 

A number of geospatial datasets maintained by the 
Victorian Department of Sustainability & Environ¬ 
ment were analysed within a geographical informa¬ 
tion system (ArcVicw GIS 3.3). The datasets utilized 
were Victorian bioregions (2002), the pro-1788 wet¬ 
lands, current (1994) wetlands, parks and reserves 
(as at July 2003), and Special Protection Zones in 
State Forest (identified in NRE 2002; DSE 2004). 
All wetland types occurring in the aforementioned 
regions were assessed (excluding impoundments). 

The level of depletion for different wetland 
types, and the area reserved, within the Murray Fans 
and Victorian Rivcrina bioregions and the VEAC 
RRGF study area were calculated within the GIS. 
Area calculations were derived for pre-1788, and 
current (1994) wetlands. The area of different wet¬ 
land types within protected areas was also calcu¬ 
lated. Protected area categories used in this 


investigation were those defined by NRE (1996b). 
Wetland reserve design was evaluated by calculating 
the proportion of individual wetlands that fall within 
a protected area. The area of wetlands occurring 
within various reserve types (including reserves not 
considered protected areas but excluding Heritage 
Rivers) was also determined. 


RESULTS 

Reservation Status 

The depletion of wetlands varied significantly be¬ 
tween different wetland types, across the Murray 
Fans and Victorian Riverina bioregions and the 
VEAC RRGF study area. Freshwater wetlands, 
which often have a temporary or intermittent water 
regime, were the most significantly depleted, partic¬ 
ularly the Freshwater Meadow and Shallow Fresh¬ 
water Marsh categories (Fig. 2). The most 
significant level of depletion recorded was for Deep 
Freshwater Marshes and Freshwater Meadows 
within the Victorian Riverina, reduced to 39% and 
42% of their original extent, respectively (Fig 2b). 
The recorded increase in the area of some wetland 
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Fig. 2a. Reservation status of wetlands in the Murray Fans bioregion. 
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types (e.g. Permanent Open Freshwater) is likely to 
have resulted from the establishment of man-made 
lakes and other human activities. 

The reservation levels of different types of wet¬ 
lands also differed significantly both within between 
the three regions studied (Fig. 2). The proportion of 
Freshwater Meadows represented in protected areas 
was substantially lower than for other wetland types 
(11.5%, 1.9% and 7.4% of prc-1788 wetland area for 
Murray Fans, Victorian Riverina and VEAC RRGF, 
respectively). At a landscape scale, wetland depletion 
was greatest and reservation lowest in the Victorian 
Riverina bioregion (Fig. 2b). 

Reserve design 

Many individual wetlands that have at least some 
reservation were only partially covered by a pro¬ 
tected area. Although many wetlands in the Murray 
Fans, Victorian Riverina and VEAC RRGF study 
area had 100% of their area within a protected area, 
many other wetlands were only partially reserved 
(Fig. 3). For example, in the Victorian Riverina over 
50 wetlands with some form of reservation had less 
than 20% of their wetland area protected (Fig. 3). 


In both the Murray Fans bioregion and VEAC 
RRGF study area, a larger proportion (38% and 49% 
respectively) of the reserved wetlands were fully 
protected (Fig. 3). This is a function of the presence 
of large reserves which encompass a high number of 
wetlands in these regions (for example Barmah State 
Park, Hattah-Kulkyne and Murray-Sunset National 
Parks). Nonetheless, it is important to note that a 
number of wetlands have only between 1% and 59% 
of their area reserved (56 and 142 wetlands for the 
Murray Fans and VEAC RRGF, respectively). 

Reserve category 

There were significant differences in the categories 
of reserves which protect wetlands (Fig. 4). Pro¬ 
tected wetlands in the Murray Fans bioregions were 
mostly contained within the Barmah State Park 
(6,460 ha) (Fig. 4a), although over 1,000 ha of wet¬ 
lands were also within State Forest Special Protec¬ 
tion Zones (SPZ). In the Victorian Riverina, Wildlife 
Reserves were the most dominant reserve type rep¬ 
resenting 79% (11,610 ha) of the total wetland area 
reserved (Fig. 4b). Although there was a much more 
even spread of wetlands across various reserve 



% Wetland area reserved 

Fig. 3. Number of individual wetlands that have some form of reservation, and percentage of wetland actually reserved 
in the Murray Fans and Victorian Riverina bioregions VEAC RRGF study area. 
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Fig. 4a. Types of reserves protecting wetlands in the Murray Fans bioregion. 
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Fig. 4b. Types of reserves protecting wetlands in the Victorian Riverina bioregion. 
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Fig. 4c. Types of reserves protecting wetlands in the VEAC RRCiF study area. 

[Natural Features Reserve includes Natural Features Reserves. Bushland Reserves and Streamside Reserves. Nature Con¬ 
servation Reserves include Nature Conservation Reserves, Flora Reserves. Flora and Fauna Reserves and Wildlife Re¬ 
serves (no hunting). Historic Reserves, Reference Areas (outside of existing protected areas) and Education Areas also 
include small areas of wetlands.] 


categories in the VEAC RRCiF study area, including 
National Parks, State Parks and Nature Conserva¬ 
tion Reserves (Fig. 4c), Wildlife Reserves were still 
the most dominant reserve type protecting wetlands 
(7,970 ha). 

DISCUSSION 

This study has shown the Murray Fans and Victorian 
Riverina bioregions, which make up a substantial 
component of the VEAC River Red Gum Forests 
study area, contain a large area and number of wet¬ 
lands, particularly temporary and shallow wetland 
types. However, a number of these wetland types 
have been significantly depleted since European set¬ 
tlement, such as Freshwater Meadows and Shallow 
Freshwater Marshes. As these shallow wetlands are 
often not permanent features on the landscape, and 
their water regimes are typically episodic, they were 
more easily converted to agriculture compared to 
permanently inundated wetlands. While other wet¬ 


land types have not significantly decreased in area 
since the arrival of Europeans, this may not reflect 
the quality or functionality of existing wetland 
systems. 

There are also significant biases in the reserva¬ 
tion of certain wetland types. For example, Fresh¬ 
water Meadows are poorly represented in protected 
areas in the Murray Fans and Victorian Riverina 
bioregions, and in the VEAC RRGF study area. 
This is likely to be a direct result of historical land 
alienation whereby prime agricultural areas (where 
such meadows once occurred) were converted to 
freehold title and hence little remained in the public 
land estate. 

Wetland reserve configuration, particularly in 
the midst of flat agriculturally productive areas (i.e. 
the Victorian Riverina) has often been predeter¬ 
mined by subdivision of the landscape. The resultant 
reserve ‘shapes’ are often square or rectangular. As 
a consequence, the reserve configuration often does 
not relate to natural drainage characteristics or the 
boundary of the ecosystem that such reserves are 
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supposed to protect (Fitzsimons & Robertson 2005). 
We have previously noted that reserve design is of 
critical importance for the conservation of wetlands 
due to the interconnectedness of hydrological and 
ecological attributes across individual wetlands and 
the surrounding landscape. By only reserving a por¬ 
tion or even most of a wetland, it is likely that 
degrading processes occurring in unprotected areas 
will ultimately impact on the reserved portion of the 
wetland (Fitzsimons & Robertson 2003). In the 
three different regions assessed in this study, it was 
found that many wetlands were incompletely re¬ 
served in protected areas, particularly in the Victo¬ 
rian Riverina bioregion. 

However, many wetlands, even if they are not 
fully protected are effectively buffered by surround¬ 
ing uncleared public land. This may include State 
Forest, unused road reserves, or other uncategorised 
public land. These areas of public land may provide 
an important buffer of native vegetation, which re¬ 
duces threats to wetland ecological processes. Such 
assessments are directly relevant to the current 
VEAC River Red Gum Forests Investigation into 
public land use. 

Consideration of the management objectives 
and protection mechanisms for protected areas and 
other reserves is also important when assessing 
reservation status for wetlands, as not all reserves 
have the same management priorities, levels of legal 
security or funding (Fitzsimons & Robertson 2003, 
2005). Wetlands were protected within a variety of 
reserve categories across the three regions, includ¬ 
ing those with high legal protection and a strong 
focus on biodiversity conservation (National Parks, 
State Parks and Nature Conservation Reserves) to 
those with a lower level of protection, management 
or emphasis on biodiversity conservation (c.g. 
Wildlife Reserves). 

State Park was the dominant reserve category 
for wetlands in the Murray Fans, which reflects the 
relatively large area within Barmah State Park. In¬ 
terestingly, SPZs in State Forest (mainly Barmah 
and Gunbower), which are not considered protected 
areas, represented the second highest area ‘pro¬ 
tected’ in the Murray Fans. Wetlands in the Victorian 
Riverina, which had higher depletion levels, were 
predominantly reserved within Wildlife Reserves. 
Wildlife Reserves (State Game Reserves) allow 
hunting of selected game species and, in some wet¬ 
lands, grazing. Within the VEAC RRGF study area, 
wetlands were much more evenly spread between 
the various reserve categories. 


Wetland occurrence on lesser protected reserves 
such as SPZs and Wildlife Reserves highlight areas 
where immediate improvements to the wetland re¬ 
serve system could be made (e.g. potentially ‘up¬ 
grading’ these areas to Nature Conservation 
Reserves or National or State Parks). 

There are also a number of internationally im¬ 
portant Ramsar wetlands in northern Victoria (e.g. 
Hattah-Kulkyne Lakes, Barmah Forest, Gunbower 
Forest, Kcrang Wetlands). These Ramsar sites 
(which are not considered protected areas in their 
own right) include a variety of land tenures, some of 
which are protected areas and some are not. It is also 
interesting to note that Ramsar site boundaries vary 
from encompassing all public land within a wetland 
system (Barmah Forest and Gunbower Forest), to 
individual wetlands in the midst of public land (Hat¬ 
tah-Kulkyne Lakes). 

One of the terms of reference for the VEAC 
RRGF investigation is to take into consideration na¬ 
tionally agreed criteria for reserve system establish¬ 
ment (e.g. JANIS 1997: NRMMC 2005), which 
includes meeting comprehensiveness, adequacy and 
representativeness objectives. Reinvestigating the 
reservation status, reserve design and relative pro¬ 
tection of wetlands in northern Victoria following 
the completion of the VEAC investigation would be 
worthwhile to determine if this process results in 
any improvements to wetland reservation. 

The VEAC investigation will be limited to as¬ 
sessments of existing public land. Considering many 
of the remaining wetlands are located on private 
land, conservation mechanisms will need to be 
broader than reservation on public land alone. Al¬ 
though this study focuses on Victoria, it is important 
to recognise that riverine forests (c.g. Millcwa For¬ 
est) and alluvial plains also occur to the north in 
NSW. Similar studies of wetlands in both of these 
areas would enable a more comprehensive under¬ 
standing of wetland reservation issues across the 
broader landscape. 

Considering the water regime of wetlands in 
northern Victoria, such as those in Barmah Forest, 
fluctuates widely depending on Hood events in the 
Murray River and other tributaries and on regional 
climatic conditions, conservation planning must 
also take into consideration the spatial and temporal 
variability of these wetland systems. Ultimately, 
management of water regimes, including environ¬ 
mental water allocations, may be more important for 
the biodiversity of the wetlands than reservation 
itself. 
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CATCHMENT MANAGEMENT AND THE 
BARMAH-MILLEWA FOREST 

Bill O’Kane 

Goulburn Broken Catchment Management Authority, PO Box 1752, Shcpparton 3632 


I WILL BEGIN with what I believe is an important 
distinction. The Barntah-Millewa is a floodplain/ 
wetland system and to call it a forest demeans its 
importance. 

Improving stream health is a complex business. 
Flows are just one element of stream health. The de¬ 
cision to nominate icon sites as part of the Living 
Murray process was justifiable on the grounds that 
what is good for the major wetland systems is good 
for the waterways of the Murray-Darling Basin. The 
risk of course is that by focussing on the icon sites, 
real opportunities will be missed in the trunk and 
tributaries. 

The White Paper has given Catchment Manage¬ 
ment Authorities the responsibility for managing the 
Environmental Water Reserve (EWR). In response 
to this decision, we have enhanced our capacity in 
linking stream health with flows. We arc now re¬ 
cruiting people because of their knowledge of wet¬ 
lands floodplain ecology and flows. We aim to have 
a systems approach with a focus on the icon sites 
Barmah and Gunbower. Our institutional arrange¬ 
ments must reflect this systems approach. 

MANAGING FLOWS AND FLOODPLAINS 

We understand the importance of flows, and the 
North East, North Central and the Goulburn Broken 
Catchment Management Authorites have agreed to 
work together to employ a flows co-ordinator. We 
also believe the Barmah-Millewa, Gunbower and 
Koondrook-Perricoota Forests must be managed to¬ 
gether. To this end we oppose the formation of sep¬ 
arate committees for each site. We must move on 
from the Barmah-Millewa Forum and this can only 
be achieved with an approach that integrates and im¬ 
proves the management of these floodplain wet¬ 
lands. We need to link flow management with 
ecological outcomes. 

The Goulburn-Broken CMA is also the flood- 
plain manager. Clearly there is a strong link between 


managing floodplains and obtaining ecological out¬ 
comes from environmental water allocations, espe¬ 
cially those that are supplied as managed floods. 

The flood study on the Lower Goulburn demon¬ 
strated how aligned these objectives are. Firstly, we 
created a Digital Elevation Model using airborne 
laser scanning. This is amazing technology and has 
only one weakness - too much data. We had to clean 
the data and identify the break lines - levee banks, 
roads and channels. 

We then created a 2-D Model for the floodplain 
and a 1 -D model for the river channel. We calibrated 
the model which identified deficiencies in previous 
studies of the area. We learnt to check the measure¬ 
ment of key structures and not accept, without ques¬ 
tion, previous work. The result is a model that can be 
used to predict the depth, extent, duration and ve¬ 
locities in a given event. 

The model illustrates three key points: 

• The Lower Goulburn Floodplain rehabilita¬ 
tion scheme is a winner; 

• It will have a positive impact on flooding in 
the Barmah wetland system; and 

• The same techniques required for floodplain 
management are required for the management of the 
EWR. 

Managing an EWR requires a change in mind 
set. When we were calibrating the Lower Goulburn 
model, it became apparent that the proposed scheme 
would have a significant impact on Barmah town¬ 
ship in small events and that this impact diminished 
as the severity of the flooding increased. Our first 
reaction was one of consternation gee this will cre¬ 
ate a few problems. But when we sat down and 
thought about it we realised it was a fantastic out¬ 
come. It is pretty simple really. To have a healthy 
river we need a healthy floodplain and to have a 
healthy floodplain we need floods. 

We arc currently building a model which covers 
an area from Barmah to Deniliquin and Tocumwal 
and we will use it to simulate floods in the Barmah- 
Millewa wetlands and flows down the Murray and 
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the Edward. Making sure environmental water is not 
lost to the river when it goes down the Edward is 
something that will have to be addressed. 

THE MURRAY TRIBUTARIES 

The Tributaries will also need to be managed and 
monitored if we are to optimise benefits. The Ovens 
and Kiewa Rivers are almost wild rivers, so we don't 
have to worry about them from a water regime per¬ 
spective. Once Lake Mokoan is decommissioned, 
the Broken will be returned to almost 90% of its nat¬ 
ural Flows. However, the Goulburn, Campaspe and 
the Loddon Rivers are stressed and are likely to ben¬ 
efit from environmental flows. 

We need a high flows focus upstream of Gun- 
bower. Downstream of Gunbower, the focus will be 
on utilising the high flows when they occur and ma¬ 
nipulating them with Darling and Murrumbidgee 
water. 

The current proposal not to carry over Environ¬ 
mental Water in the Goulburn System makes no 
sense. Operating rules for the environmental reserve 
which prevent it being used to supplement high 
flows on the Goulburn arc even being considered, 
and these are inappropriate. The Goulburn environ¬ 
mental flows study indicates that overbank flows of 
between 450 GL (15,000 ML/day) and 1,800 GL 
(60,000 ML/d) for varying periods are required to 
provide environmental flows for the floodplain and 
key wetlands. Surely all that is required is a 'no dis¬ 
advantage' rule for irrigators, because if we can’t 
carry over water, EWR managers will be forced to 
enter the market and effectively use the bank, rather 
than a dam, to store water. Trading at this scale has 
the potential to corrupt the temporary market. 

Five hundred GL represents an investment of 
over $500 million if you had to buy it on the market 
and $ 1 billion plus if we do it through water savings. 
There is no point spending this sort of money on 
water if other threats are not addressed. The Signif¬ 
icant Ecological Asset plan for Barmah identified 
grazing, logging, pest plants and animals, recreation 
and erosion as other threatening processes. 

BARMAH WETLAND ISSUES 

The issue of grazing sensitive environmental areas is 
very topical at the moment. For the record, my fam¬ 
ily has held a grazing licence for a small river bend 


on the Murray since the early 60s. For a number of 
reasons, we only ever grazed for short periods and I 
haven’t grazed the area for over five years because I 
haven’t been able to resolve the best management 
practice issue to my own satisfaction. 

My Authority’s view is that the Barmah wetland 
system is such an important environmental asset that 
the primary management objective should be to 
achieve positive environmental outcomes. The Liv¬ 
ing Murray Initiative demands this approach. In my 
view, it is no longer optional. 

It is my understanding that grazing levels are 
currently set by how much feed is in the forest, not 
on what is good for the forest. If grazing is being 
used to reduce fire risk, manage weeds, etc., then 
these objectives should be articulated, the manage¬ 
ment assumptions documented and the grazing 
regime designed to achieve these goals. II grazing is 
needed to achieve positive environmental outcomes, 
it should be tendered out and the assessment criteria 
should be based on both price and performance 
against the environmental objectives. The same ar¬ 
gument can be applied to forestry. Brumbies, pigs, 
foxes, carp and weeds are also threats which must be 
managed proactively. 

The proximity of the Lower Goulburn flood- 
plain to the Barmah wetland system might create 
flexibility in the resolution of these issues. For ex¬ 
ample, if grazing and forestry were reduced or re¬ 
moved, the Deep Creek floodplain might be seen as 
a lesser environmental asset and might be more suit¬ 
able for these activities. The area might also provide 
some opportunities for indigenous enterprises. 

Grazing might be contentious but, at the end of 
the day, income from grazing Barmah is around 
$33,000 per annum. This is a very small amount of 
money compared to possible ecological conse¬ 
quences and the effort required to manage this land 
use. 

The Barmah Wetlands cultural significance is 
reflected in the Brack’s Government decision to de¬ 
velop a Yorla Yorta Co-operative Management 
Agreement and establish a committee known as the 
Yorta Yorta Joint Body. We must ensure that the cul¬ 
tural importance of the area is reflected in all man¬ 
agement decisions. The Yorta Yorta joint body 
should provide a vehicle for this. 

In conclusion, I would like to sum up my four 
messages. 

1. A systems approach is required to manage 
the Environmental Water Reserve and our institu¬ 
tional arrangements should reflect this approach. 
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2. The river upstream and including the Gun- 
bower wetlands requires a high flow focus to 
achieve improved environmental outcomes and 
should be managed as a unit. 

3. The Lower Goulburn Floodplain rehabilita¬ 
tion Scheme, if implemented, will have a positive 
impact on the Barmah wetland and could also be 


used for some activities that are no longer consid¬ 
ered appropriate in the Barmah-Millewa Forest. 

4. The Goulburn needs more high flows and 
this will only be achieved if there is flexibility in 
the management of the Environmental Water 
Reserve with irrigators protected by a policy of ‘no 
disadvantage". 


LIVING IN THE REGION 


John Laing 

Toolamba, Vic. 3614 


THE SHEPPARTON IRRIGATION REGION of the 
Goulbum Broken catchment is widely regarded as 
the food bowl of Australia. Many billions of dollars 
worth of economic activity is generated by the use 
of water from the Goulbum, Broken and Murray 
Rivers, to grow most of Australia’s domestic and ex¬ 
port canning fruit and tomatoes and a large portion 
of its dairy production. 

FARMING AND DAM CONSTRUCTION 

The region was first visited by white people in 1838 
and squatters moved in and occupied vast tracts of 
land during the 1840s, 50s, and 60s. Land holdings 
of up to 100,000 acres were common. The Land 
Acts of 1865 and 1869 gave more people the op¬ 
portunity to move onto the land and the 1870s and 
1880s saw the growth of our region’s townships and 
the early development of irrigated farming. Gov¬ 
ernment incentives during the 1890s led to the 
planting of large acreages of fruit trees and grape 
vines. Flour mills and creameries emerged early on, 
and cool stores and canneries followed as produc¬ 
tion increased. 

Legislative changes during the 1880s led to a 30 
year growth period in water storage and delivery that 
saw the building of Goulburn Weir (1891), Waranga 
Basin (1905), and the first Eildon dam (1915). Both 
Waranga Basin and Eildon were upgraded as devel¬ 
opment outstripped water supply, with Eildon dam 
becoming the largest earthen dam in the southern 
hemisphere when finished in 1955. 


EMERGENCE OF SALINITY PROBLEM AND 
LANDCARE 

With 75 percent of the Goulburn River flows being 
taken out of the river and put onto the land, potential 
problems were not far away. It was possibly the 
floods of 1974, recharging the already full aquifers 
and watertables, that led to the signs of emerging 
salinity problems in the late 1970s and early 1980s. 


With the potential to cause widespread damage, 
salinity galvanized the farming and resource man¬ 
agement community into action. As authorities de¬ 
veloped action plans, local communities groups 
started growing and planting trees. This coincided 
with improved farm management, water use effi¬ 
ciency and production improvement programs. 

Catchment Management Authorities, formed in 
the mid 1990s, have since gone on to develop and 
implement Regional Catchment Strategies, aimed at 
integrating the array of management plans in place 
and being developed. 

Landearc is an important community partner in 
resource management in the Shepparton Irrigation 
Region. Partnerships have been formed with the De¬ 
partment of Primary Industries to develop and im¬ 
plement Local Area Planning and weed programs, 
with Local Government to rc-vegetate significant 
roadsides and with water authorities to implement 
Drainwatch and education programs. 

CONSERVATION CHALLENGE AND 
ECONOMIC DIFFICULTY 

The challenges still confronting the region are sub¬ 
stantial. The returns our farmers arc getting for pro¬ 
duce has changed little over the past few decades. 
Farm viability has generally only been possible in 
this time by increasing production and stocking 
rates or by farming more land. With producers now 
being asked to lock up some of their land for the 
greater good and also to give up some of their pre¬ 
vious water allocations, the pressure is mounting. 

How we get farm gate returns up to a level 
where farmers can have a reasonable lifestyle and 
still do the environmental management demanded 
by markets and the ecosystems that underpin the re¬ 
gion is a challenge that must be confronted sooner 
or later. 

Added to this, the dry conditions have also seen 
the demise of many farms in the region. With farm¬ 
ers leaving the land, small farming communities are 
struggling with volunteer numbers at everything 
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from Landcare and the CFA through to the local ten¬ 
nis and football clubs. Managing these social pres¬ 
sures as small communities go through inevitable 
changes will stretch resources even more. 

The majority of the nearly 320,000 ha of land 
currently irrigated is former Box woodland and 
River Red Gum floodplain. More than 95% of the 
pre European Box woodland is gone and the Red 
Gum corridor is a shadow of its former self. All veg¬ 


etation communities are still being harvested, grazed 
and logged and species arc being reduced in range 
and numbers. 

The combination of social, economic and envi¬ 
ronmental pressure on the farming region make it all 
the more urgent that we protect the remaining frag¬ 
ile ecosystems if both the farming districts and the 
Barmah-Millewa wetlands are to survive. 
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